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ncSCRIPTION 

N^YRIi mrr'^ TommaiENSfS iSOiAIBS 

f?» ^MTT»|9TfT "J** ACARIDES 

fiwMg-Refiere noe to a Rel''*^' ,iftrP^'"'*^ 
•nils to a conttamition-m-part of co-pending appHcation Serial No. 07/693^ filed 
on ApA 30, 199L TWs is also a continoation-ia-pait of appUcation Serial Na 07/768441, 
filfid on September 30, UWl wUch is a oomimiatlan-in-pait of application Sedal No. 
(n/759;24S, filed on Sqttember 13, 199L 

ftarifg^innii J of the Invention 
■mo gporr fhrmlnc ««mim thnringlcnsfa m>t.) prodnces the besi- 

knmm insect todn. The torin Is a protein, designated as d-endotorin. tt Is synthesiasd by the 
SispomlatingoelL Tlietarin. upon being Ingprted in its cijptallineliw^ 
laivae. is transftmiied into Wologiadly active moieties^ 

priniaiywigptisiisestciaboflJiegntepiflicflta^ Eipettence 
IMS flwTO tliat the actWiy of the Si «o«Itt M 
leqnliedto sosoqniUe Insects. 

The reported aaWiy spectrum of Rt, covers insect spedes within the order 
Lepidoptera, which is a major insect problem in agricidtnre and to^ The activity 
8|Kwtnim also indudes the insea order Dlptera, wherein reside nmsquitoes and Wadtflies. 
See Coudi, TX, (1980) "Mbsipiito Pathogenidty of ptwiUns tlwrftiflffiNs iBnwte"'^'? ' 
Dewtopmems in indnstiial MkadWcflOBr. 22:61^. Beegle, CC, psnS) "Use of 
BBioaQgBneonsBacteilafBAgtoecoqms,-l>8»etopii^ 

m 

U& Patent 4,771431 discloses a tadn gene isolated from a strain of Badllns 
thnrfartansis. Ihis {606 enoodes a torn ii*ich is active against beetles of the order 
Ooleopteia. 

tbete have been pnMished reports oonoeniing the use of Tf^mm tl'Tfftfff'^^ 
pi^aratiiHBfkirttieoanlxol of mites. Hieae pn Mi ca lim w are as taMow. 

Ro^ly.ILN^Hall.FJLand'nqdor.ILAJ. UKWL EfliBCis of thnringiensin on 
Ttettanvchns nrticae f Acari! TutraiiydiMag) mortality, fecandi^, and fbeding. J. 
Econ. EntomoL 83i792-79S. 

Neal. lindqiiist, RJC, Gott, KM. and Casey, 1^ 1987. ActiviQr of the 
ttM^»«tnhiftiv»tn^ii«faiof BadUtB thnringfensls Beriinercaileaaag^ortgS 
md Tettanvchas y j nnahariitna. X Aaric: Bnto moL 4:33-4a 
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Vla^ P.. tape. G. and Van Semaille. R. W8. Effiect of a oommeidal 

^rT-^^ fi».rnin. fl.Hftod«i3fe on the spider mte Tf^i^^ 

(Acad: Ttenanydiidae). Mededdlngen 43:471-479. 

in llie Jdiove poWiShcd stBdie^ ^ 
bgrn-oDtaxbi (also called duuingiensin). 

US. Patem No. 4,^95^ comwns methods and oomposittons for preparing and 
,Btag Wologlcal pesticides. ^ the pestiddea are acapsn^ 

p ri<>f .<iiimmaTv pf the Bwenticm 
ItosiflqectiiBWrtkmconoBinsMiafl^^ 
acaridddpiDpectiea. Unlii«p*MlshedMiiortsoftiien»ofatfrfiafiaSS 
fl»snl4ectim«itian Isolates eqiiess*«!g^^ Hie nse of 

Sjaaaafes IS highfy adWDiageous to ^ of the 

Kitmnna and animals. 

Moie spedflcal^. the snbject inwaitfcm concems ^msS. tfHrtPff^ ^^^"^ 

designated liPS50C,liPS8fiAl.SiFS(roi.MKWU. at 
PS45Bl.atre24J.atrS94RMiPSl7,atPSfi2BlaiidatPS7401. 




n^^ ^m«i«e. -itas. these isolaies can be used to control this mite. Ftathcr. the 

ftnm these B.t feoteles can be isolated by standard prooedotes. e» ton eidnmge. 
andfoinnaatedbystandardpiocedarestocontHdtheT-wSpotted^rifler*^ Tbac^ 
iscrtates can alsobensedagainstnon.plg«0phi«us miles sbA 

andatotedpiodnca. SliEltoher, the a«e(8) torn the Bil»oi«««<tf«»«^^ 
encode the aotticid*! tasto can be cloned Item the 180^ 
tota, e*. pmto^ eutat^ or iflams. «hldi tnnslbime^ 
mites, or. to fte case Of transgenic plantt, be resistant to mites. 

pi^rf Th-grriptiim nt^^a nrawines 
FIGTOIES 1. 2Aand2B aieifliotognphsof 12% SDS po^^aajtonldB 

alkBl»«ohible piotems of the Isolates oCflie fmentiim. 

larfrfnMcriBtlonofthe 



35 sBQiDNaidlsdfl8esthBDNA.of 17a. 

8EQ m NO. 2 discloses the amtao add sequence of the toito aicoded by 17a. 

SEQ ID NO. 3 disdoses the DNA of 17b. 

SEQ ro NO. 4 disdoses the amino add sequaicB of die tnBn encoded by ITh. 
SEQ ID NO. 5 is ttie iradeolide sequence of gene 33E2. 
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SEQ ID NO. 6 is tbe nnfdeotiile sequence f a gene fiom 52A1. 

SEQ ID NO. 7 is the amino add sequence of tlie pfotein csqnessed by Hie gene 

fiomS2Al. 

SEQ ID NO. 8 is tbe nucleotide s equence of a gene from 69D1. 
5 SEQroN0.9istlieaminDacidBeqiiMioeaftliepioteinciq^^ 

firam69Dl. 

SEQ ro NO. 10 is the DNA coding tor tl» anrfno add sequence of SEQ ID NO- 

13. 

SEQ ID NO. 11 is the amino add sequenoeof a probe ^iiicfa can he used acCTiding 

10 to the subject inventicHL 

SBQ ID NO. 12 is the N-tenninal amino add sequence of 17a. 

SEQ ID NO. 13 is the N-tmninal amino add soquaioe of 17b- 

SBQIDNO: 14i9 theN-taminalamtaoaddsequCToeofaAl. 

SEQ ID NO- 15 is the N-teminal amino add sequence of e9DL 

15 SBQ ID NO. 16 is a sjyntheHc oligonucleotide derived from 17. 

SEQ ID NO. 17 & an olx^udeotide probe designed ftom the N-tenninal amino 

add sequence of 52A1. 

SEQroN0.18istheQmttelicoligonndeatMepiobededgnatedas 

SEQ ID NO. 19 is the ftmvaid oligonm3ec«ide primer taaa 63B. 
20 SEQ ID NO, 20 fc the leveise complement primer to SEQ ID NO. 29, used 

accoiding to the subject invention. 

SEQ ID NO. 21 is the DNA coding tor the primer of SEQ ID NO. 31. 

SEQ ID NO. 22 is a forward primer accoidhig to the subjea invention. 

SEQ ID NO. 23 is a probe accoiding to the subject imitttlQn. 
25 SEQ ID NO. 24 is a probe according to the subject invention. 

SEQ BO NO. 25 is a probe according to the subject insmakaL 

SEQ m NO 26 is a foffumd primer acoHdhig to the subject invent 

* SEQ ID NO. 27 is the nucleotide sequence of a gene from PS50C 
SEQ ro NO. 28 is the amino add sequence of the piotehi e]qiressed Iqr the gene 

30 fromPSSOC 

SEQ ID NO. 29 is tiie nucleotide seqn^ioe of a gene ftom FSSfiAl. 
SEQ ID NO. 30 is the andno add sequ^icB of the piotdn esqpiessed hjf the ff^ 
fiomFS86AL 

35 Detailed Disctasnfe oi the Invrntion 

The subject invention concerns B.t a-cndotoadns havtog acariddal activity. In 
addition to havmg acariddal acifviiy. the toxhis of the s^ 
of the foUowtaig diasactedstics: 
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4. 



A hi^ depee of amitio add Jiomology vnOk spedfic torins disdosed 

A DNA sequence etr^fag the toodn whidi l^bridizes wth probes or 
genes disdosed herein. 

A mxdeotUe sequoice wWdi can be amplified nsing primcis disdosed 
bezetn. 

teaniMwaclwitytoanaiitflKxfyaiseatoaspedficia^ 



Acaride-ActivB tomis according to tbesnbject inveation arespedficalftreraiqjlffied 
herein ly the tnrins encoded liy the genes deslgm Shice these tailiB 

aie aierefy eimplaiy of the toxhis inwBBtisd hewta, it 

subject taventfan flnther ccmtpriaes toodns fiom a» cither dbdosed fcolaies as well as 
equiwleiit toiiiis (and inicleatlde 8^ 

shalhffbMogladactWlyofflieapedficlQrfnsdisc^ Ttoe equivalent 

««rtn. m hMB amino add homology with the tnrins disdosed and dahned hendn. TUs 
ainfao add homolpgyirfU ^icalty be greater than 50%. im^BMb 

most piefiaably be greater than 90%u The amino add hoinology win be highest la certain 
critical regions of tto unto wWdi aooonm far UoiQglcal acthiqr or aie invoKed fai the 
^T-.T P,in«in « «f aweiMlhnensiooal conagBratloa wMdi idthnaidy & le^onaiMe tor the 
Mologicalactivily. to1hfci^art,eeiiamaminoadasiibstitiition8aieaa3^taMeandcanbe 
egipeaed if these suhstitiitions aie In regions wMdi are not critical to activity or are 
conservatiw amino add substitutidns whidi do not afS*t the fliree^ 
ofthemotecule. For esamplei amino adds may be placed in the fcDowtagdasses: non-poiar. 
Bochaiged polar, basics and adflit QmsewatHesnbstitutions wherdyananitaoaddofone 
dasisMplaoedwlthanDtheraBiinoaddofthosame^lMwiilitothBsoi^ 
Imwntlon ao long as the aiflBtitation does not materially aher the 

nponuL Thblel provides BllstiBfgtrfeaanqtoofamhio acids heloi^ghig to eadidass. 



XaWel 1 


Class of Amino Add 


Qmmples of Amino A£ids 


Nonpolar 


Ala» Val. Lett, Be, Pro, Met, Pbe, Ttp 


Undiaiged Polar 


Gfy. Ser, Thr, Qps, lyr, Asn. Qhi 


Addic 


Asp^Giu 


Basic 


L5«,Ar&His 



In some instances, non-conservative sabstitntions can also be made. The critical 
fector Is that Oese sithatitiilions iiiust not Bignificsntty detract ftom a© 
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the toxin, llieinfoniution presented in tlieg^ieiiciiDimiilas of tbesnl^ 

dear guidance to the person skilled in this art in making vaiions amino add snbstitiitians. 

The l^v isolates of the invention tiave the fbllowinfi diaractaistlcs: 

^piQz. MoL Wt of 

fret^ffcPa) 

laSdooMet 
45,58 
34.48,145 
42,50 

63, 74, 78, 84 
37,42 
51,48,43 
Sa 43^42 
150,135.35 
155, 145, 128 
35 

148. 112, 104, 61 



5 


Sttain 








B. thuringieiis]te 


PS50C 


SpItCfc 




B. thurineieiiais 


PS86A1 


Multiple 




^. thuiineiensis 


PS69D1 


Bkmgated 




R tharindensis 


PS72L1 


Long rectangle 


10 


p. thurln^eiisis 


PS75J1 


Amorphic 




p. thurineiensis 


PS83ES 


Multiple 




PL thurmdeosis 


PS24J 


Long 




B. tharinfieiisis 


PS94R3 


Long 




R thurin^ensis 


PS4SB1 


Multiple 


15 


B. thmiiifiiCTsis 


PS17 


Long 




B- tfin^Tipi^nsis 


PS62B1 


Attached multiple 




B, thttiingiensis 


PS74ai 


Amorpliic 



20 



25 



30 



35 



40 



45 



Additional^t the isolates have the fiollowtng conunon chaiactex&tus: 
Colony morphology — large colony, duU sur&oe, typical B.t 

Vegetative cell morphology - typical fij^ 
The toodns of the sub|ect invention can be accurate diaiactcgized in toms of die 
shape and locaticm of ciystaltaadn inclusions. %)ectflcalty, acaride-actlvo inclusions typically 
remain attached to the spore after cell lysis. These incdusions are not Inside the exosporinm, 
as in previous descriptions of attached inclusions, but are held within the spore by anotha 
mechanism. Inclusions of the acaride-acdve isolates are typically amorphic, goierally long 
and/br multiple. Ihese inclusions are distinghishable from the larger round/amarphic 
inclusions that remain attadied to the spore. No B.t strains that fit this descr^niQn have been 
found to have activity agaiust the conventional targes — Lqddoptera, Dl^itaa, or Colorado 
Potato Beetle. We have found a very high oorrdation between this crystal stmctuie and 
^acaride activity. 

* The genes and toadns according to the suhjea invention indode not only the ftill 
length sequences disclosed beiein but also fragments of these sequences, or fusion proteins, 
which retain the chaiactedstic acaricidal activity of the seqooioes specifically exemplified 
herein. 

It should be apparent to a person skilled in this art that genes coding for acaride* 
active tfflritM can be identified and obtained throu^ several means. The specific genes may 
be crt»tained from a culture dqpofiitiny as described bdow. These genes, or portions thoeo^ 
n«y be omstructed synthetically, for example, by iise of a gene inach^ Variations of these 
genes may be rezKlify constructed nsiiig standard tedmiqnes for making point mutations. Also, 
tegn^ts of these genes can be made using oommerdalty available eKonudeases or 
endonudeases according to standard procedures. For eommple^ enqrmes such as Bal31 cnr site- 
directed mutagraiesis can be used to systematicalfy cut ff nucleotides firom the ends of these 
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genes. Also, genes vi*ichO()de to actire 
lestridion enzymes. Proteases may be used to ditecdy obtain aa^ 
Equiralent toxins and/br g«ies cna>ding these eqpiv^ 
fitm Rt isolates and/br DNA libiaries nsing the teadiings pro^^ Ihcro aic a 

5 numberofmethodstoobtaining the acaiide-active toxins of ^ 

innatme. For oample, antibodies to acaride-active toxins disdosed and claimed berdn 
can be used to idesitify and isolate othff toxins from a mixture of proteins, Spedficalty. 
antibodies may be raised to the acaride-actlve toxins 
intheaiL These aniifaodfes can then be nsed to speciftalfy 

10 diaractMisticacaricidalactivitylyinmiim^^ 

or Wcst«n blotting. Antibodies to Oie toxins disdosed herein, or to oqnh«tent t^^ 
fiagoiente of these toxins, can leadity be prepared nsiDgslandaidp^^ 1*^ 
genes coding for these tininn can then be (Atained ficom the microorganism. 

A furtha- method for identiiying the toxins and g^ies of the snl^ invention is 

15 fliioii^tte use of olipMmdeotide probes. These probes are nndeotide sequences having a 

detectable hibeL Asis wsU known in the art, if the probe rnolecule and nnclei^ 
iiybriaize by Ibrming a strong bond between 

that the probe and sample are essentially identicaL The ptobrt detecttbte ttbel piovldes a 
jBcm fi?r iT fT""^«rf«B fa ^ inmwn manner whether hybridization has occmied, Such a probe 
20 anal^piorfdosarapMmethDdtoitoli^ringnanatic^ 
invention. 

The nndeo tWe segments which are used as probes according to the invention can 
be synthesized by nse of DNAsjoithesizaB DShig standard pro^ In the nse of the 
nudeotide segments as probes, the partiodar piobe is lab<^ 
25 tff tK^ «Tr,Ti«i fn the art, Indndhigradioactire and non»iadioactive labels. Typical radioactive 

labdsinclode^P,*^I,^S,orthelike. A probe labded with a radioactive isotope can be 
' construoedftomamideotideseqiienceconqdemm 

nltactrandattonieactidn,tisingaDNaseandDNApo^5^^ The probe and sanqile can 
thcmbeoomhiiied in a hybrWizatton bufto solntion and hdd at an appropriate ^poatnie 
30 unm annealing occurs. Thereafter, the membrane is washed fitee of extraneous materiab^ 

leaving the sample and bound probe molecules q^ically detected and quantified by 
autoradiogiapl^ and/or liquid snintfflaTion counting. 

Non-radioactive labds indude, for erample, Hgands sodi as biotin or tbyroxine. as 
wdl as «i:^mes such as hydrolases or perixodases, or the various c h emflnmfn esoers sudi as 
35 iHdfcrih, or fluoresomt compounds like fluorescein and its derwwtives. The probe m^ also 

be labded at both aids wifli diffeiwit 9pes of labels for ease of separation, as, for example, 
by ustag an isotoplc label at the end mentioned above and a biotfai label at the therend. 

Duplex formation and stabOiiy dqiead on substantial oompleBiCTtarify between the 
t»» strands of a hybrid, and, as noted above, a oatain dqpee of mismattih 
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Tliereft>re, the probes of the suhjea inventton inctode motatloiis (both Onffc and mutt^ile), 
ddetions, insertions f the described sequences, and conrtiinations tfaeteo^ ^*ereln said 
mTrtfltf»»s insertions and deletions pmnit ionnation of stable l^btUs ^ith the target 
po^udeotlde of interest Mutations, insations, and deletions can be prodiKcd in a ghra 
5 po^udeoiide sequence in many msys, and these methods are known to an ordinarily skilled 

artfian. other methods may become known in the future. 

The known methods include, but are not limited to: 

(1) synthesizing diantealljr or otherwise an artifidal sequence which is a 
mutation, insertion or deletion of the known sequence; 
10 (2) iismg a probe of the presCTthwentlon to obtain via Iq^^ 

sequence or a mnlatton, Insotlon (V deletion erf the probe sequouse; and 
(3) iimtaiing, inserting or deleting a test seqtiaoe in vitro or in 
ft ft hnportaht to note that flie mntational, insertional, and deledonal variants 
genemted from a giwn probe may be mcwe or less effldent than the origisal probe. 
15 Notwithstanding sndi difiEterences in eSGxiSDCf, these variants are within Ae scope of the 

present invention. 

Thus, mutationat insertional, and ddctional variants off the disclosed test ^ 
can be readity prepared by method which are wen known to diose skilled hi fl» art These 

variants can be mod in the same toBoner as the instant probes so hmg as the variants teve 

20 srtwtamial seqnenoe homology with the pn*es. As used h^^in, substantial sequence 

homok) gy r^Ms to homology which is suffidrat to enable the variant to fhnctlon in the same 
capad^ as the original probeu Pretaabty, this homology is greater than 50%; more prefierabty, 
th& homology is greater than 75%; and most pre&rabfy. this homokigy is greater than 90%. 
The degree of homo togy needed to the variant to flincticm hi its fatm^ 

25 iqKm the hitended use of the sequence itiswdlwithhifhei^ftf aposontrahiedbitbis 

HTt t" m v^^^\ ifisflrtffiMi, and dftl^irifinal mutations whidi are designed to in^rove 
' Ibefhmctionttf the sequence or odierwise provide a methodolo^caladv^ 

.Specific nudeotide probes useful, according to the subject invention, in the rapki 
idcntificatton of acaride-active genes can be prepared utOizmg the sequence hitomation 

30 pxivided herehL 

The potential variations in the probes listed is due, in part, to the redundancy of 
the genetic code. Because of the redundancy of the genetic code, iA, more than one coding 
mTC|«nri£te uiptet (GOdon) can be used for most of the amino adds used to make proteins. 
Thetetoe difiE^ient nucleotide sequmoes can code fbr a porthnlar andno add. Thus, the 

35 ymiftft add sequgnqe^ of the At toxins and pqstides can be prepared by equivalent nudeotide 

sequences aicoding the same amino add sequence of the protein or peptide. Accordingly, the 
subject faiventiDn indudes such equ^alent nudeotide sequences. Also, hiverse or complement 
sequences are an aspect of the subject hivoition and can be readify ttsed by a person skilled 
hi this art In addition It has been shown that protems f identified structuro and fraction 



wo 92/19106 



'AJ592/03546 



10 



15 



20 



30 



35 



8 

,n«v 1» «i«nKaed ly dumging the anrino add «^ 
p«ttiasecoEdaiyianHai«(Kafeer.RT.^ 

tte s«bjea invcndoa induto miuants of the amino add sequ«ooe depided h«in «Mdi do 
Bot alter the piotda seooadaiy structnre, or if d«» «tn«^ 

fisBbstandalfy retained. Panheii fl« inmaion abo indndea mmanis of .Kganisnis hc^ 
an«partofato^encodinga««eofthein«ntlon. SndiinlcioWalmuianlscanbemade 
,yteduriques«flknowntoi«»o»sddiledinlheart R«eampie,UVinadiationcanbe 



host cdb ^*idi also can he prepared by procedures wdl taown 

Tbc Bi isolates of the Invention, and mutants thereof can be cultmed using 
standaid known media and fennentationtedmiqnes. Upon completion of the Itermenlation 
<yde, the bacteria can be han«sted 17 fest separating the Ei «pc««s ^ 
fcnnentationbioliibymeans^lmwmliithcart. TteieoowiedaLqHBesandc^stalscan 

befimnuhrtedin.oa,«tlablepoi«ler..Iiq«idoonamtn^ 
^ addition of suifi^anis. diqH«a«ia. iner^ 

tendlhig and apidication &r i-rticahir target pe^ lie ibnnulation and application 
p„«d,,iesaiean^lmo«nlntheartandareu8edvdthcommei^ ThenovelBi 
fcjdaiea, and nratanis thereoi; can be used to control target pesis. 

Tto cultures of the sabject invention were deposited in the Agiicifl^ 

Ser,ioePatentCUltuteOrtIle«ion(NRKL).l*^ 
UiKveisi^ Street. Peinia.Ill&i>^ 6I«I4USA. 



RI.PS50C 

B.t.PS86Al 

B.t.PSfl9Dl 

BXPS75I1 

BXPS83BS 

BXPS4SB1 

BJ.PS24J 

Sj,PS9«Et3 

SXPS17 

B.t.PS62Bl 

atPS74Gl 

£. cofi NNfS22Q>MYC 2m) 
£ C0S NMS22(pMYC 2317) 
JSL cofi NM522(pMYC lfi27) 
£ eeC NMS22(pMYC 1628) 
R COS NM522(pMYC 1638) 



NRRL B-18746 
NRSLB-184aO 
NRRLB-18247 
NRRL 8-18780 
NRRLB-18781 
NRRLB-18782 
NRRLB-1S396 
NRRLB-18881 
NRRLB-188S2 
NE(SLB-18243 
NRRLB-18398 
NRRLB-18397 
NRRLB-18770 
NRRLB-18816 
NBRLB-186S1 
NRRLB-186S2 
NRRLB-187S1 



peposit Date 
January 9, 1991 
August 16. 1988 
jBty28,1987 
MBidL7,]991 
Mardi7,1991 
Maidi7,1991 
August 16, 1988 
August 30, 1991 
August 30, 1991 
Juty28,1987 
August 16. 1988 
August 16, 1988 
Fdmaiy 14k 1991 
April 24, 1991 
May 11, 1990 
11, 1990 
January 11. 1991 
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JS: NMS22Q)MYC 1638) NRRL 3-18769 Febrnaiy 14, 1991 

"Die subject caltm^ liave been deposited under oonditioiis tiiat assnre that access 
to die coltuies wfll be available daring tbe pendouy of this patmt qspttcation to one 

5 detexmifledbytbeCdanniasiana^ctf 

CFR 1.14 and 3SUS.C 122. These deixisits aie flwailti>le as leqolied ^ 
in conmries whezeJn oonnteiparts of the subject qiplication, or its progeny, are filed. 
However, it should be understoo d that the availability of a dqxisit does not oonstttnte a lionise 
to pracdoe tbe sQb|ect invention in derogation of patent r^ts granted by govmimental action. 

IQ FWber, the subjea culture deposits vtOk be stored and made available to the piiblic 

in accQid vrith the provisions of the Budqiest Ttaity for the Deposit of hficroorganisnis» i^ 
they win to stored with all the care necessaiy to kc^ them viable and unoontantinated to a 
pec&id of at least five 3^Bais aftitf the most recent request fixr the fondshing of a sample of a 
dqx)stt, and in any case, for a poiod of at least thirQr (30) years aft^ the date of dqiosU or 

15 fdr the ^jfop^^M^ iilfe ctf any patent whidi may issue disclosing a culture. The dq)OSitor 

acknovdedges the duty to replace a deposit should the depository be unable to famish a 
sample when requested, due to the condidon of a dqposlL AH restrictions on the avail^iility 
to the public (rf tiie subject culture depcMits win be irrevocab^r rranoved upon the granting of 
a patent disdosing them* 

20 Upon apidying an acariddateffective amount erf a microbe, or toxin, as disdosed 

herein, in a suitable mrieids^x formulation to the environment of tbe target pest, there is 
obtained effoctive control of these pests. An acaricddal-eflfective amount can vary ftom about 
1 to about 12 Uha, depending upon the nature and quantity of the pests to be controlled, the 
tfmftrtfyCTf,ti™perflt"<^l H ltnidiyTandn(diflrlmownfiMim 

25 It Is weU within the skiU of those trained in this art to demmitte the quantity 

to qtpljr in order to obtain efifectiveocmtrol of targ^ pests. 
' I The intracellular d-endotoxm protein can be combined with other insectiddal 

proteins ffnr Ming t^>^ ^taw^ fr»m sirmn^ Mher than Bacfflns thminyieinsis^ to inctease 
the spectrum of activi^ to g)ve complete control of target pests. 

30 The ^ cells may be ibimnlated in a varieiy of ways. They may be employed as 

wettable powdCTs, granules or dusts, by mixing with various inert materials such as inorgsnic 
minm^ itt (piiyllOPfHc f^ef*, ggffhnmiteSy RiiMktea, phoajAates. and the like^ or botanical matCTials 
Q»owdered corncobs, rice hulls, walnut shells, ai^ the like). The formulations may mdude 
spreads-sticker adjuvants, stabilizing agoits, other pestiddal additives, or surfactants. liquid 

35 formulations may be aqueous-based or non-^ueous and empliTed as foams, gels, susp^n^us, 

emulsifiable concentrates, or the Hke. The ingredients m^ include rheological agents, 
surfactants, mudsifiers, dispersants, r pc^ymers. 

The p<yH<^'^^»< ooncefitratlon will vary widely dqiending upon the nature of the 
partinilaT ftmmil«tift", pftfTknl^»<y whether it ia a ooncentrate or to be used directly. The 
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pertWfle ^ be present in at least l%l>yw^ and bo 100% ty Wright TbeOtf 
finnudatiiins ^ luwe from about 1-95% by ^Iglrt of the pesticide wlifle the liqirid 
ffton-fa*"" will gpneralty be from lAont 1-60* by wrfgbt of the solids in the liquid phase. 
Tl»«(HmiilationswiUgOTenillyhaveftomaboutld»to about 10*0^ Hiesetemiilathins 
5 ^ iii» «dmintq tered at aboBt 50 mgflioiiid or diy) to 1^ or more per liectam 

Ihe fii np"*>«''"^ can be applied to the enviionnusnt of the tatfft pest(s), e*, 
plants, livestoci, fowl, soil or water, by sptaytng, dusOng, sprinkUnft or the Hke. 

•no tt«fn genes haibaied by lbs novd Isolates of the subject inveatian can be 
toModuoBdimoairiaeTOtietyofniiaobialftosts. Eipresslon of the train gene results, diiectly 
10 orindiiectIy.intheintiaoeltolarpiodnctiraandniainteBanoeofthepesticidfe 

f^ct,, ^t^ Piumdomonas. the miciobes can be applied to the situs of ndteswhe^ 
pnjBfiaate and be ingested by the mites. ThensnltisacomiOlof theniles. Atonathefy, 
the Bdadbehostiug the ibiiii geoe CM be treated under conflitlt^ 
aftbetadttprndaeedinilieceiL Thetteaiedctitttheacanbeqiplledioliieeiirfionnientof 
15 flietBiBetpest. llieRBnItEqgpfadnaietainsthetaoddiyof die Bx toxin. 

Whfge the B.t.ta«fa gene is introduced via a suitable vector into a microbial host, 

and said IiQSi is applied to the envin>nment in a tiring statp, it is essentia^ 

niiaobes be used. McnxMganism hosts are selected aie knoum to oooipy the 

•plyioqjhert' (i%lloptone,pliyllQsphCMiilil»i^iheie,andAwil^^ 
20 ofinifflest. These miciooiganisms are sdectcd so as to be capable (rfsni«ss&illy competing 

in the panhailar enritomneitt (nop and other insect habitats) «illt the wDd^ype 
micnxKgantains, provide fbr stable maintenance and expression of the gene eqires^ flie 
po^peptide pcstidde, and, desiiabiy, provide to improved piotecticm of die pesticide 

enrifiHnnental d^radation and inactivation. 
25 Alargennndier ofinicKioigtfilsinsarekiio^mloinhBiMlthep^fll^^ 

suitoofthepIamleMw)andftwthBiMtopl»reCtheBoilBBiioundiiig^ "IHese 
' riiicnQiganfemsindndebactBiia.aIpebandftangi. Of paiticufar interest are mioooiganisms, 
audi as lAGteria, gBuaa BadUus. Psendomonas. gsj^ Sera^ Kltii^Ba, 
7^^P^ ^/««^n««t««pT»mvrt«Rhimirium.Rh o Jo^ 
30 Acembacter: T^badflus. Arthrobacter. ^tc»>3cust;, Jjouxmomo, AlcaHgrnes and 

lawenxavces. 



Sp ffmholnmvces. Rhodotorula. and Aureobasidjum; microaigBeb fefr, fcngies j 
iw^^^Ky^, RimdQiihioeaeL Ptoophveeae. q«YWriW««»e» lom^^a^BSSS, 

y«^1^^,n ptH««.e■ f'p'^Twiwtfff i^tf?ft^"pbT«as. ^^gBsiBBisfi^ ^^mm^bYim. 

35 p~,^fnffpy fyn«..^ frKfaoDhvoeaeL and qflOfopbyaae. Of paiticntor Interest are such 

pj^BDsjdieie bactraial spedes as Pseudomonas syiinpae. FSffldonjona^ flppfesoens, Seffatia 

sapheroldes. 




Xantfaomonas canroestris. SmMm SSUSSd. Al^ig^ entiophn^ and A«>ipl>acter 
gfatonriiir phy^nsphCTft t«aM apedea sadi as Rliod otonila rubra. R. fliut6^B. nwriiw» & 
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amantiaca, Civptococcns albidns. C difflaeiis, C laureotii. Sa odiaronivoes nwd, &. prelorieosfe, 
& cerewsiae - SpOTObolomvces it>sciis> & odonis> Khiweroinvces vCTpnac. and Anreobastd^Bm 
pollalaiis. Of particular intaest are the pigmmted mteoorgRniMns. 

A ^Mg variety of mys are available fiir introdudng a E^ne eqnessing a toiiii 
5 into the micnxnganism host under oondttloiis which allow for stable maintenance and 

eaEpresston of the gene. One can provide IbrDNAooiistntctsiHAdGhfncliid^ 

ti^«ginrtfwi«i Tegnifttnty signals for expression Of the tosrin gene, the toodn gage imder their 
regulatory cxjntrol and a DNA sequence homologous witii a sequence in the host organism, 
whoehy integration wfll occar, and/or a replication system whiGh is fimOional in the host» 
10 iR^imefay integratian or stable maintenancse win occur. 

The tiansGciptianal intttation signals win include a pnnnoter and a tnmscriptional 
initiation start site. In some instances, it may be deshnble to provide for regola 
nf tiift torin, ughere eiprassion of ti» torin will Only occur afto release into the environment, 
can be adileved with operatora or a rpgmn binding to an active 
15 are capabte of induction upon a diange in the physical or diemical environment of the 

micnxirsanisms. For example, a temperature sensitive r^nlatoiy region may be emplcqred, 
^eie the organisms may be grown up in the laboratoiy without expiession of a toxin, but 
upon release into tiie environment, ej^nession would begin. OthCT techniques may employ a 
specific nutrient fw*^h™ in the laboratoiy, which inhibits the espressicm of the torin, where 
20 the nutrigr, ^ mftdinin in the environment would allow for expression of the tosin. For 

tn^n fkff™«i initiation, a ribosomal binding site and an initiation oodon will be present 

Various manipulations may be employed for enhancing the eaptession of the 
messenger RNA, particular^ by using an active promoter, as well as by employing sequences, 
TiiMi enhance the stability of tiie messeqger RNA. The transactional and translational 
25 twrmfwa tinm legicin wili involve mop codQn(8)» a terminator legion, and optiona]^, a 

poijradenylatiaii signaL A hydrophobic leads* sequooe may be empioyed at the amino 
^tenninns of the txanslated po^fpqitide sequence in order to promote secmton of the pnstein 
across Ihd inn^ membrane. 

In the direction of transoi^on, namely in tlie 5' to 3' direction of the coding 
or sense sequence, the construct wHl involve the tranacr^tional zegulatmy region, if any, and 
the. pxpmoter, ^^lere the regulatoiy r^km may be either 5' or 3' of the promoter, the 
ribosomal binding met ^^^^ initifltinn end™, tttg stmcnml ^ne having an open readii^ frame 
in phase with the fnitifttion codon, the stop oodon(s), the po^^ades^lation signal sequence, if 
aiQr> and the terminator region. Tb^ sequence as a double stzand may be used by its^ for 
35 ttansformation of a miooorganism host, bat will usual^ be included with a DNA sequence 

involving a marker, where the second DNA sequence may be joined to the toodn expression 
construct during introductioii of the DNA into Uie liosL 

By a matter is im^P'^^ a atructnral gene whidi provides for adectian of those 
hosts which have been modified or transformed. The marker will normally provide for 
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selectiw Hdranttge, for CBunple, provicte^ 

or hc«y metals; complemeniatioii, so as to provide piototiopy to an aumtiophic tost, or the 
likfi. Pn^l,ty,compteiiieiit8tiottiseinplqj«Mi,sotlu^ 

sMea^biumvalsoh^oompetMniaiaieaM. OosotmonmaAeanafhccmplo/tibi 
5 fl„idwBlopineiaoflhecoii«nici»^-sw^ Hw organtosmaybe 

furtiier modifled ly pmrfdlng for a ompeditit adrantage against otber wDd^ 
ntooorganisiDS ii the Add. R» caamide, genes espressiiig metal dii^ 
sStferophoies, may be iatiodaced too the host along ^ the str^^ 
toria. L, this maimer, tbeetihanoedeipressionofasUerophoiemv 
10 adjutage for the toxiB-piodudng host, so that it may efibcti»cly compete with the wfld-^pe 

mfcnxnpmsms and stably ocaqiy a nidie in the environmait 

WhciB no fanctioiial «q>lIc8tion system is pieseiit, the omsw 

asequence of at least 50 basqiaiB(bp),iBefcni*rat least abo^ 

thanalwatSOOObpofaaeqiieiioehomolDgmisiriihasequo^ lnthis«iy,the 

15 probablUiyoflegltlmaieieam*l»ttimiiiaihaiic^ 

thehostaiidatahtymaliitataedhythehosL Desimbfy. the tarin gene wiU be in dose proximity 
to the pme pioviding for complememation as weU as the gene providing to 
advantage. Tiwaefoie, in the event that a toxin ge» is lost, the lesulthig or^^ 
BMy to also tose the complementing gene andAw the gene pnwiding for the CM 

20 advanmge,sothat«winbemiahietocompetefotheem«iomneHtP*ththegene»a^ 

intact oonstnicL 

A huge nimflier of tianscripticmai wgnhuoiy regions are available fi^ 
vaiieiycifmic«xngBnitohosts,sndia8bacteria,bacteriopiiage,q^^ 
tittllhB. Vaifoastiansci^ttoaaliegulatoiyregionsimaudetheieglonsassodatedwiththeCT 
25 geneiMgBneiMg«aie,thehmflHlaleftaBdiightpiomotens,thea£pioiiiot^^ 

occurring promotem associated with the toxin gene. ^Aeieftancticmal to Seefor 
' eBmipie,U.S.PatentNQS.4332,898;4,3«;B2aiid4,356^ The tetmtoatton region may be 
the t«imlm«itm i««fott normally assochuM wall the tiai^^ 
dffltoat transactional inlififlion legfaiw « tong as the two le^ 

3Q fonctional in the host. 

mew stable eplsomal maimenance or integiation is desited, a pbsmid wm b^ 

emptoyed which has a replication system which is foncti^ THe replieatioo 

system miy be derived femi the chromosome, an episomai element noimalt^ piese^ 

l„storad!&ieitthost.oraiepU«aiionsystemltannairtr«8wWdiis^^^ A 

35 i^aaniberofphamiidsareavaitaMe,s«aiasirt»322.pACy 

the Hke. See for cample, Oh«m et aU CIM^ J. BactcrioL 150^069, ami Bagdad 

C1981) Gene 1&237. and US. Patent Nds. 4356^70; 4^62,817, mid 4371^. 

The li gene can be totroduced between the transciiptional and tnmslational 
initiation r«#on and the tiansaiptfimai and tianslatiomateiminati^ 
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the legolauviy oontiQl of the itiitiation legf OIL Tliis constract win l>e iiudoded in a plasi^ 
D9liich will indiKle at least ne lepOcatioii ss^tm, Imt may indiide moie than one» 
lepUcation sysiem is raiployed tor dcntbig duilng the development of the piasmid and the 
second lepHcatton system fa lywasaiy for ftmrHftiifag in tha nhrmate host. In addition, one 
5 or more maikeis may be piesoit, which have been described previously* Wtoe integration 

is defied, the plasmld will desirably incinde a sequence homologous with the host genome. 

The transformants can be isolated in accordance with comentiona! ways, usually 
employing a selection technique, which allows forseJection of thedesiied organism as against 
mmnAiBed nrgairisma or tranrfming or ganisfn?L when present- The transfonnants then can 

10 be tested fiorpestiddal activity. 

Si f tt yMe host cells, vdiere the pesticide-containing cells wHl be treated to prolong 
the activity of the toxin in the o^ when the then treated cbQ is applied to the environment 
of target pest(s), msy include either prokaiyotes or eukaryotes, normally bdng limited to those 
cdls wiiidi do not produce substances toxic to higher organisms, such as mammals. However, 

25 oiganisms which produce substances tcodc to higher organisms could be used, wheie tiie toodn 

i& unstable or the lev^ of application sufficiently tow as to avoid any possibility of toodci^ to 
a mammalian host As hosts, of particular intmst wm be tiie prokaiyotes ai^ tiie lower 
eokaiyotes, such as jbngk as disdosed previous^. 

CaiaracterbticB of particnlar interest in selecting a host cell for purposes of 

20 production indnde ease of introducing the B^L gene into the host, availability <rf expression 

systems, e£6dency of eqnesaion, stability of the pesticide in the host, and the preseaice of 
auziliaiy genetic capabilities, caiaracter&tics of interest for use as a pestidde ndciocapsule 
include protective qualities for the pestidde, snch as thick cell walls, pigmentation, and 
^p fT tufl friiwiyy pfftrJfftffffl Or fosmation of indnsion bodies; survival in aqueous cmvironmCTts; 

25 la^ of p*iF«iMiHfin toBdcity; attfactrreness to pests for ingestion; ease of Ulliiig and fislQg 

without damage to the tosln; and the like. OthCT consfdemtinns indnde case erf formulation 
^ landhandUn&economicSyStoragestablliQr, and theHke. 

- The cell ^^ill osual^jr be intact and be substantially in the proliferative form v/hsn. 
treated, ratiier than in a spore form, although in some instances spores may be employed. 

30 Treatment of the miot^ilai cell, ag*, a mimbe containing the Bgt 

be by Gheinical or physical means, or by a coinMiiation of themical aad^ 
long as the tedmique does not deleteiioiBty afiiect the properties of the toxin, nor diminish 
the oeltnlar capability in protecting the toxin. Examples of ch^nical reag^its aie halogenating 
agmts, particulaziy halogens of atomic no. 17-80. More particularly, iodiae can be used under 

35 mUd conditions and for sutOdent time to adiieve ?he desixed lesuUs. Other suitable 

techniques indude treatment with aldehyde, such as formaldehyde and glutaraldehyde; anti- 
infoctives, sudi as zephiian chloride and oeQipyridinium chloride; alcohols, such as isopropji 
and ethanoU various histologic fbmtives, sudi as Lugpi iodine, Booin'b fixative^ and Hd^ s 
fixative (See: Humason, Qtetcheii Animal Tissue Tedmiques, WJL Freeman and 
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Coinpaiv, 1967); or a ojinliiiia^ 
prolong the aciMV of tlK> inaB pnidiioed in tte 
animaL Eaniples of physical oeaiis are shon wavelength ladi^ 
and X-xadiatton. Beedn^ UV inadiatiQD, ^pbilizatiQn, and the Uke. 
5 The cdls generally have enliaiioed stniaoial siah^ 

nsisianattoeDvliannienialcattiittfons. wiieie the pesticfcte is In a pttiftniB. the method of 
inactiratlQn should he selecttd so as not lo inhihft piooBS^ 

Ito of the pesticide by the taigBt pest pathogen. For eample, fonnaMehyde wiU crosslink 
protdnsandoouldinhiWtpiocessingoffliepiofijnBcrfapo^yp^tidepes^^ Ihemethod 
10 of inactivation or UHing wiains at least a sabsiamial poitkm of the blo^ivaitabai^r or 

tdoactim^ of the toodn. 

Hie ceilubr host *YT n«"'""£ the Rt. iasectic M a l gene nugr be grown In any 
ooBsenltent nntrient nedinni. vOun the DNA canstmet ptoodes a adecthn adwwag^ 
prorfdtogfteasdeciiveniedimnsothatsBhsiantiBlfyaUoraBofthecdbi^ 
j5 TiMsecdlsiniytheBbehaiw5tedinaiw«dance^coB»entiDnal¥^ Alietnaiivc^. tiie 

fyihi can be treated prior to harvesting- 

The Bi cdb of the invention can be cultmed using standard art media and 
femeniaiion tedmi^ues. Upon completion of the fiamentaiion lyCIe die bacieiia can be 
har»estedhy fiist sejaiatingihe Bispotes and ajBStals ftm thefameniatto 

20 'wdi known in the art The recowted SJ. n«» «^ «»3^ 

wetmble powder, liquid concennate* giannies or oflier fomMilatiDns by flte addition of 
sur&ctants, di^msaois, inert caxtieis. and other components to fedHtate handling and 
applicationlbrpaiticniariaisetpests. UiesefBnnutotions and application ptocedmes are aU 
wdilEnown in the art. 

25 Riimnteted bait gtanMte containing an a t nactant and spores and aystab of the 

liBolaies,QriecombhHnrtmiciobea€ampri«ngihegeBe(s)obtaa^ 
' dfcdosedheiBhi, can he applied » the soil or In the vidnigr of stored prodncts. Formnlatod 
produtt can also be apiiHed as a seedHsoating « Hiot tteatmant or total plant tieatma^ 

later stages of the oop qrde. 
30 Mntanisof the novel isolates ofthe invention can be made by procedures wen 

known in the art For eian^le, an asporogenous mntanc can be obtained duoqgh 
ethslmeihanesnlftmaie(E3dS)nratag^iesi»crfanowdiSQlBt& Hiemutaniscanbemadeus&w 
ultiaviolotl^t andnitHKognanidrnebypiooedora wdl knawniniheait 

A smaller penxmtage of the asporogenous malanis win remain intact and not fyse 

35 to ertendedftameaiatton period^ these siimns ate designated IjisfemimisH. l^sisminns 

strains can be idOTtified iqr saeaiing asporogaions nmtanis in shake flask media and selecting 
those mutants Oat are stiD intact and contain toodn djstab at the end of the fermoitation. 
Lysis minus strains aie suitable fiv a ceU fisation process that will yidd a protected, 
encapsulated toxin protein. 
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Tto prepare a phage resistant variant <rf said asporogeno^ 
the phage ^sale is spieafl onto amrient agar and allowed to dry. An aHqnot of the piiagB 
«maitiwhaiaerial strain is then itoted directly over tliedilB^ 

plates are inodnted at 30*C The plates are incubated te 2 days and. at fliat time, numeions 
cotonio conld be seen glowing on the agar. Some of these colonies are picked and 
subcnitnted onto nutrient agar plates. These apparent nsdsmnt cutanes are tested for 
resistance by cross streaking with the phage lysate. A line of the phage lysate is streaked on 
the plate and allowed to dry. Hie p«sompth» resistant cultures are then streaked across the 
pbageUne. itesistant bacterial orttures show no ^anywliere in the streak across the itf^ 
Ifae alter overnight inaibation at 30'C The resistance to phage is then reconfiraied by 
plating a town of the resistant cultnre onto a mmientsBar plate. ItoaenaitiMe strata Is also 
plated in the same manner to serw as the posithecontroL After drying, a drop of the phage 
IS ptoted in the center of the plate and anowed to dry. Resistant oiltutes showed no 
lysis in the area where the phage ^te has been placed alter incubation at 30-C for 24 h^ 

Rollowing are eaan^les «*ieh Dhistrate loooednres, iniludfag the b^ 
pfactidng the invention. These eiamirtes should jka be crastnicd as Bmttlng. AH percentages 
are by weigiit and an 8<»l»ent mittBre proportions are by vBhmie unless o<^^ 

TN,mrte 1 - rnltnrhig Of the Rt ISOlatCS 

A subculture Of the Bx Isolates, or mutams thereof can be used to inoculate the 
fijUowing medinm, a peptone, gluoose. salts mednun. 



25 



30 



Bacto Peptone 
Cnnooae 
KI^4 
K2HPO4 
• Salt Solution 
GftOs Solution 
pH7.2 



1.0 gA 

3.4 gfl 

43Sga 

5j0mU 



SJamlfl. 



Salts Sotation (100 ml) 

M^4.7H^O 2.46 g 

MnSO^JizO OMg 
35 ZaS0^.TH20 0^ S 

FeS04.7H20 ^ « 

ChCl2 Solntion (100 ml) 



4Hkn'AJS92/03546 
WO 92/19106 ^ 
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•ae salts sotatton and CaOj solution are fflter-steriliaid and added to the 
aotodavedandcoolMdlmiiliattiietiincofinoculation. Flasis aie incnbatBd at 30-C on a 

rotHiy shaker at 200 rpm for 64 bi. 

Tl» alKW piooednie can IHS nadi^r aafled 

5 wdl known in tlie ait 

TlieSi8I«wsandA)rci5stals.<*tainedlntiieafl)ovelte^^ 

typiooediiieswSUlBiowniBtlieart. Afireqaently-iisedptoocdmeistosiil^ecttiielua^ 

fiameiitatiOT biolli to sepaniticm tedmfipies, oentii^^ 

JO T;>.^ pto^ - Pnri« ».Hnn Af PfoielD rnirt Amino Adcj Sffgya^fag 

TtoB.t.isolatesPS17.1«S2AlandPSfiSroiw«cultoieda8de^^ 

L Ttepaasponaindnsion bodies «iepailW«rp«»ifi«dI^ 

isop^ gradient cennifiigatibfl (Wtanenstiel. EJ. Ross. V.C Knuner. and KW. 
NickHBOn P»41 EEMS KficroMoL Lett 2159). THe proteins wac bound to PVDF 

,5 nembmnes (mOpoxc, Bed&id. MA) by western blotting tednnqoes (Towbin. H, T. 

Suehlelin. and K. Goidon I1979I Pioc NatL Acad. SCL USA and tt^ 

aminoacidsequenocsweredetenninedbytbeal-idaidBdBianicacto 
phase seqoeaaior (Himtapfller, M.W, ELM. WJ- Dtega. and LE. Hbod p9831 

MedkBa^mcd. 91:399). Hie sequences obtained were: 

20 PSlTiu AILNELYPSVPYNV(SEQIDN0.12) 

PSlTb: AILNELYPSVPYNV(SEQIDN0.13) 
PSS2A1: M II D S K T T L F R H S L I N T (SEQ ID NO. 14) 
PS(aDl:MILGN0KTLPKHIRLAHIFATQNS(SEQlDN0.15) 

25 p«^pte % - Clo -^-ir r''*^— « — ' TVmsftmtunion into F^fflWll* ffH 

TVrtal cellular DNAi» picjawd by gio«ii« tlie cells lit PS17 to a 

' densi^<aD«» = lJO)andieoovenng the cells t^centrifogM^ 
in TES buffisr CM «AI Tas^a. 10 mM EDTA 50 niM NaO. pH - &0) containing 20 * 

8wa«eand50nigftnl^so^e. n,c protoplasts were lysed by addition of SDS to a final 
30 cmcentiationof4%. -tte ceUular nuiterial was predpHated ovenigjit at 4^0 in 100 niM 

(aud concentration) neotialpoiasslnmdtoide. Tto snpeoiate was eaiacied twice wifli 
pto«*adorolbini(lil). Tl»DNAwasp«cipitatedwitlielIuniidandpuiifiedbyi8opyenic 
banding on a cedum CbloiIde-etbidiBm bramide padiat 

Ttatal cellnlar DNA fimn PS17 was digested with EooRI and separated by 
35 dectroptaoiesis on a 0.8% (w/v) Agarose-TAE (50 niM TOs-HCa. 20 mM NaOAc. 2.5mM 

HyrA, pH=8JJ) bueSerod geL A Southern blot of the ^ was l^hiidized with a PP] - 
tadiolabeled oHgonudeotide probe derived from the N-tenninal amino add sopienoe of 
purified 130 kDa protein lirani PS17. ite sequence of flie oligpnudeotide synthesized Is 
(GCAATnTAAATOAATEATATCQ (SEQ ID NO. 16). Results showed that the 
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iQrteidizing EcoRI fragmmts of PS17 are 5U) ldb» 4^ kb, 2»7 ]d> ana 1^ Icb in size, 
piesmnptii^identij^gatleast iDurnewacaridMuti^ gaies,PS17d,PS17b, FS17aand 
PS17e» rcspectivi^. 

AUbiaiy was constructed from PS17 total odlolar DMA partially digested with 

5 Saii3A and size fractionated by electropborasis. Tba 9 to 23 region of the gd was eacx^sed 

and the DNA was electrodated and then concentrated using an Elutip™ ioncadiangecolunm 
(Schleicher and Schuel, Keene NH> The isolated Sau3A fragmmts were ligated into 
LambdaGEM-ll™ ffROMEOA). The packagjed i^age were plated on KWZSl R coU cdls 
(PROMEOA) at a high tit^ and screened using the above radiolabeled qoithfitic 

10 oligonucleotide as a nuddc add bytnidization probe. Ffybridiadng plaques w«e purified and 

lescreened at a lower plaque dma^. Single Isolated purified plaques that Iqtoidized with ti» 
piobe wm used to infect KWZSl E. coli cells in liquid culture to prqiaration of phage tax 
DNA isolation. DNA was isolated by standard procedures. 

Recovered recombinant phage DNA was digested with EcpRI and separated by 

15 ^ectiophoreaisonaO^%aBarose-TAEgeL The gd was Southern lotted and Iqiwidized with 

the oligonucleotide probe to diaractiorize the tonn goies isolated from the lambda libiaiy. 
Two p£Aerns wcTO present, dones contaimng the 4^ kb (PS17b) or the W 
fragmoits. Pi^wiatlve amounts of phage DNA were digested with San (u>rdeaset^ 
DNA from lanibda aims) and separated by electrophoresis on a Ql6% agamse-TAE £^ The 

20 laxge ft-agm<*»^ electroeluted and oono^trated as described above» wore hgated to Sail- 

digested and d^hosphoi}1ated pBOac^ an R coIi/Bx shuttle vector conqnised of replication 
origins from pBC16 aad pUC19 . The ligation mix was introduced by transformation into 
NM522 competoit E. coli cdls and plated on LB agar containing ampidUin, isoprop3A-(Beta)- 
D-tfaiogalactoside (JPTQ) and 5-Biomo-4-ailoro-3-indol)rl-<Beta>D-galacta^ (XOAL). 

25 White colonies, with putative inseations in the (Beta>-gala ct osfdase gene of pBClac, were 

guqccffffl to standaid rapid plasmid purification procedures to isolate the desired plaamids. 
' The selected plasmid contahiing the2.71d> EooRI fiagmmt was named pMY C1627 and the 
plasmid ^ittttriiifr the 4:5 kb EooRI fragment was called pMYC1628. 

The toxin genes were sequenced by the standard Sanger dideojgr cdiain tenninatio^ 

30 method using the synthetic oligonucleotide probe, disdosed above, and by •walking" with 

primers made to the sequence of the new toodn genes. 

The PS17 tosin genes were subdoned into the shuttle vector pHTSlOl (Leredns, 
D*aaL [1989] FEMS MicrobioL Lett 6Q211-218) using standard methods fixr eqiression in 
B.L Briefly, Sail fragments oontainihg the 17a and 17b torin genes were iscdated from 

35 pMyClfi29 and pMYC1627, respectively, by preparative agarose g^ electrophoresis, 

dectzoelntion, and concentrated, as described above. These concentrated fragments wi»e 
ligated into Sall-deaved and dephosphoxylated pHISlOl. The Ugation mixtures were used 
separately to transform frozen, competent E. coli NM522. Plasmids from each respective 
recombinant E. coli strain wm prepared by alkaline ^sis and ana^wd by agarose gel 
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etoctiopliotesls. TlttresBWi«sulxioiua.pMYC2311 andiMYC^^ 
17b tarin genes, respecdwfly. These plasmias «re tiansfiMmed into the aa^^ 
strain, HD-1 oyB (Anmson. A, Puidiie Universily, West Lafiiyeae. IN), stanitaid 
electioporation tedmiques (Instructicjii Manual, Btoad, Ridunond, CA). 
5 RflcomhiiiamBX8tiaiiisHD.l€ayBIiA^ 
to siKHutetlcm and tlic pioirins poiiBttl 
fiir die wHiti^pe B.t proteins. 

f^^r^, » - p„^««.h. r rn.T^naof Gene PBcndiiif a Novel Trwfn Fhlin PffdH"^ THnnHP»««^ 

Tbtal ceUularDNAwas piepanrffiomBacato AaF*«»oi* FSSZAl (R.t PSSZAl) 

as flfwipg*** in rumple 3. 

RFLP analyses WBie perfanned ly simiilaid Igteidia^ 
PSS2A1 DNA M s ^-labeled aQgonndeotlde probe designed from the N-tenninal amnio 
15 a(idMqiiaioedfadasedinEaDiqiiB2. The sequence of Oris probe is: 

5- ATO ATT ATT GAT TCT AAA ACA ACA TEA C3CA AGA CAT TCA/T 
TTA ATAO* AAT ACA/T ATA/T AA 3" (SEQ ID NO. 17) 
This probe was designated 52A1-C Hjfbridlztag bands tadodod an approdmatefir 3^ l*p 
flihdm fragment and an appraimatebr 8^ l*p £toRV ih«>^ A gene Hhraiy 
20 constnictedfiomPS52AlDNApaiti«%digBted^&ii3A. Partial lestiiction digests were 

fiactionaiBdlyagBWsegelaiectwphoMBls. DNAfiagmaits&fito23M>pin8i»weie«ffiised 
ftom Oie gA eteclioduied from liie gd dice, mid lecova^ 

poiaitoiion on an Etatip-D ion caoaiangp otonm. The S«i3A inseits ligated into 
AmHI-digested LambdaGem-ll CPninu«a). Rfioombinam phage vwc packaged and plated 

25 taiKam KW251 cells (Piomega). Piaqnes wae screened by Igteidization wifli tlie 

Bdi(iW>ded52Al-CoIigonncIeotldeprote IfjfliddlringifliagewBieplaqoe- 
• parifiedandnsed to flifcrtHqnld cultures of £cafiKW251ci^ 

lysiaBdaidpiooBdnr«s(Maniati8ctaL). lte8idictontaftpiBpaiati«!eamonni»ofDNA«Bie 
diBB»led«tii£toRIandSian,anddeciroi4oiesedonanaganisegei. Theappiaxiniansfy3.1 

30 iiq,tandconta&dng the taringero was esdaed from the g^electroelu^ 

and pmifiBd by ion eschange chromatography as above. ThepnrlfledDNAhisertwasligated 
into EcoBI + Sian-dlgestcd pHTBlueH (an£ coli/B. thuringiaaa shutdo vector comprised of 
pBtaeseiu»t Sns. [StratageneJ and the reirfication origin from a resident Rt. pJasmld p. 
ijaectasetaL 1989. EEMSMiiatibioipgy Letters fi02^ The ligation mix was used to 

35 traffltofroKn.competeBt£a»HNM522odls(AIXX4700(0. Ttamdb^ 

onISagaramiataiiigmnpiciIlin,ii«piop5«<Beta)J>4hlog^^ 

ailofO*Indo^l-(Bet8)-D-galacwslde (XOAL). Plasmlds were purified from putative 
xBoomhinanis by alkalnie lysis (Mimiatis et aL) a^ 
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^Skia digests on agarose gels. The desired plasmia oonslJuct» pMYC2321 oontaiiB 
that is novel compared to the maps of other tadn g^ies encoding a caridda! proteins. 

Piasmld pMYC23Zl was intcoduoed into an aosistamfQcoiis (Oy~) Rt host 
dectxopQiation. Expression of an appnndmatety^ 55-60 kDa aystal protein was vertfled by 
SDS-PAOEj 



Pramplft ^ ^ Molecnlar qoninp of Qer ^ » Novel Tmdn From Bntilhis Vwrifmmm 

strain PS»9P1 

Ibtal celhdar DNA was prepared from FS69D1 (At PSfflDl) as disdased in 
10 Example 3. RELP analyses wm perftmned hy atandaid hyfa rid lia tion of Soathem blots of 

PS^Dl DNA with a 32P-]abeled oligonadeotide probe designated as 69D1-D. Thesequmce 
of the 69D1-D probe was: 

5* AAA CAT ATT AGA TTA OCA CAT ATT TIT GCA ACA CAA 
AA3*(SEQIDNO. 18) 
IS fif niAiightg^ hands tndnded an approximatelv 2JQ kbp ffindlll fragnmt 

A geme library was constructed firomP^9Dl DNA partially digest^ 
Partial restriction digests were fractionated by agarose g^ tiectrophoresis. DNA fiagmenis 6S 
to 23 Ubp in size were ea[dsed fiom the gd, dectfoeliiied 

^^ Ifnwni piec^dtatlon aSa purification on an Elotip-D ion caai i aiifl B oo lnmn . Ihe SauSA 

20 inserts were ligated hito AzmHI-digested I^ambdaGem-11 (Pmaeg^ Madison, WI). 

Recombinant ^lagp wea» packaged and plated on£ coff KW251 cells (Promega, Madison, 
Wfy Plaques were screened by hybridization with the iadiolabded(S9Dl-DoHgonacl^^ 
probe. H^bridizhig phage were plaqoe-pnnfied and used to infect liquid cnltmes of £. coU 
KW251 odls for isolation of phage DNA by standard procedures (Maniatis et aL [1982] 

25 Mideadar Ooning: A Laboratoay Manual^ Cold Spring Haibor, NY). For snbdoidn^ 

pt^amtive amounts of DNA were digested with BMOSL and dectnqdiQresed on an agarose 
' geL The approximately, 2i) kbp band containing the toxin gene was eaccised fiom the gd, 
electrocuted from the gfel slice^ and purified Iqr ion eaccbange diromatography as above. The 
purified DNAinsert was ligated into JBrtdm-digestedpHTBlnen (and£: ccmBx shuttle vector 

30 comprised of pBluescript SyK (Strotagme, San Di^ CA) and the replication oiigin from a 

resident Ex plasmid (D. Leredus et al I15W9] FEMS MiaobioL Lett. 6(h211-218)« The 
ligation mix was used to transfinm frozen, competeot K coB NM522 cells (ATOC 47000). 
Transfbrmants were plated on LB agar containing 5-bramo-4-cblDro.3-indo]^l-(Beta)-D- 
plactoslde (XGAL). Piasmids were purified from putative reoonAinants by alkaline 1^ 

35 (ManlatbetaUA^m) and analyzed by dectnq>horesis^ The 

desired plasmid construct, pMYC2317, contafris a toxin gene that is novel compared to the 
maps of other toodn gmes encoding insecdddal protdns. 
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p«iinnTa fi - ArtWiv of B.t Tf^lates Against Mitffi 

B. thnrimdensfc Isolates of the iavendoii were tested as spnv^aeA jxmlea at 
fcnnentatIoabiothswMdLW«eooiic«itiBtedlyoen^^ paieta,wliidiooiislttaf water 
andWomass(spor«.c.y«alliaede»a^^^ 

witha8taiidaideaiier,pi«en«ti«a«lsoifluaai^ P0„d«s,^aiiiristedof2S»Wcw 
woenadeasingaYamataspnydifcr. (SoM lyYamtoScfa«lfficCto, lid. Ttokcqio. Japan) 

An toMlis were tested Ibr tlie pMsence of iHSa-eiDtax^ 
Moass^ (Qniq*dl. D J, Dieban. a«d Bracks 

.„^i^M..n» thnrinriensis. X Agria Food Chem. 35:156-158). Onl^ isolates which 

tested Ito of B-exotaxiB wae iised in the ass^ against iniies. 

B. thnrinriensis isolates wete tested using an arffidal ibediBg assy. SprajHiiied 
po«deis were piepaied Ibr testing ly miang 2fti« of po«^ 
solntian. This niiteie was then sonicated Ibf 8 mte to pioduoa a anspenalon. 

T«w ml of snspension was phuari in a lesenmir COBSIB^ 
ftaafflm-MfflmbimonL Apetrfdaiooniaintagappiaiiniatety30fianaleTV««^ 
^^««an«i.rticaelwasidacedonthenndeiBideoflhe^ Mites were aIlo»ed to 
|feedonthestiaosesohrtionibr24hisandthentiansliaedto2cmRenc^ 
nrites per disc), itoialiiy was deiennined ate 7 diqp (TM^ 2> Each assay w« done in 

triplicate. 



TABLE 2. Tandty of 
Tetranvchns 



thMrineiaisfe isolates to the two spotted spider mite, 
MoitaUty was detaminod after 7 days of treatmenL 



isolate 


Fttcent i 
Mortality 


B.t.PSS0C 


& 


BXPS86A1 


85 


1 &t.PS69Dl 


77 


kt. ps7a,i 


85 


B.t.PS75Jl 


85 


at.PS83E5 


70 


B.t.FS4SBl 




B.tPS24J 


90 


p.tPS9«3 


97 




>90 


B.t.PSfi2Bl 


>90 


B.t.PS74Gl 


>90 


jj Control 


10 1 
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p«m pte 7 - nnirinf nf Novej Aia rM«i-Act«« Penes Uidiig Oeneric OWfonn^eotide 

Hie acariddal gme of a new acaricWal BJ. i«date can be obtained ftom DMA of 
the strain by pcTfbnnlng the standard p<rtymOTBe chain reaction 
SEQ ro Na 21 or SEQ ID NO. 20 as iew««» primfiM aaa SEQ ro NO. la SBQ ro 

5 sEQroN0.1fi,PrabeBofSEQroNa5(AATOAA(nVVrTATOCA/rGTAA'AAT). 

arSBQIDN0.19a8ftinaidp(imeis. TiieesqwcledPCRftagiBentswoiiWb^appioiimteJy 

330 to fiOO ftp (with either re«n» piixner and SEQ m Na 10). IW 

«n«n« primer and SEQ ro NO. 11), and 1800 to 2100 bp (with either les^ 

of the three N-tenntaalprimeis, SEQ ID NO. 5 (Probe B). SEQ IDNO. 16, aadSBQ IDNa 

10 19), Aiterimttv«dy,aoonipleiiifintltaOTthopriiii«fin% 

Bsed as reverse primer with SEQ ro Na U, SEQ ro NO. 16, SEQ ro NO. 5 (IWbe 
SBQIDNai9asibnRadFdmeis. The eipected PCR fragmraus wooM be qiproBinialtty 
6» to 1000 bp with SEQ ro NOl 11, and 1400 to 1800 bp (iw the ttree N-terndnal piB^ 
SEQ ID NO. 5 (Prtbe B), SEQ ro NO. 16, and SEQ ro NO. 1<0. AmpMfled DNA finagmeBlB 

IS of the indicated sizes can be nHtintoheled and used as probes to done the enttie gene. 

BMmple 8 - Rifft tTT rt OT^f "^"^^ Acarid e - Arrive tSeaes I Jrfng Generic OtieQao<aeotlde 



A gene coding for a acaricidal ttirin of an acariddal BJ. isolate can also be 
20 obtained from DNA. of the strain by peifbiming die standard polymerase chain leacto 

cfligonndeotldes derived ftoiB ttie PSS2M and PS69D1 gme sequences as foUowK 

L Forward primer TGATnTCT or A)(C or A)TCAATrATAT(A or G)A(G or 
T)GTTTAT' (SEQ ID NO. 22) can be nsed with primeis complenientaiy to probe 
•AAOAGTTA(C or 1)TA(A or G)A(G or A)AAAGTA' (SEQ ID NO. 23), probe 
25 nTAOOACCATIXAQrO)(Corl5TCrorA)G<MTrKnTOTXAorT)TATO 

ID NO. 24), and probe ^3A(C ch DAiGAGATOT(A or T)AAAAT(C or W Of 
' A)TAGGAATO*(SBQE)N0.2^toprodooBampli£ledfk«ginenl80f^pioxinmtety^ 

and 650 bp^ respective^. 

2. Porwaid primer -Tr(A or C)TrAAA(A or T)C(A or T)GCrAATGATATr- 
30 ^EQlDN0.26>canbei»edwithpriniasconq>lementafytoSEQIDN0.23,SEQIDNO. 

24, and SEQ ID Na 25 to produce aaqdified fiagmenis of i^pnninutely 360, 46(J, and 570 

bp, respectivBly. 

3. Forward primer SEQ ID NO. 23 can be nsed witii primeis oomplonentary to 
SEQ ID NO. 24 and SEQ ID NO. 25 to pradnoe amplified fragments of appioxiniately 100 

35 and 215 bp, respectively: 

Amplified DNA fragments erf flw indicated sizes can be radiolabeled and used as 

probes to done the entire . 
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10 



One aspert Of the subject iaveotion is the ttansCon^ f ptanls with gpnes 
coding fcr a acaiiddal toxin. The transfiwined plants ae lesisffiim lo atia<* ly acart^ 

Genes codii« for acailddal toxiiis, as disdosed hcsr^ 
odbusingawrieiyctfteclniiqi^wMchaie^l^ Ftor OBmipie. a large 

,,,anberofd.ining«ctoBainiiia^ 
sdBciion of li«e tiansfonned o«ais aie availaWe ii» 

genes into b^pianis. TIk, wctois comprise, llir eonqile. pBR322, pUC series. 
series. pACYCllM, etc. AKordingJy. tte seqneace coding fior the torin can be inserted 
intotheveciDratasnittbleiestrictionsite. The resulting piasniid is wed ibr tnmslbnnatlon 
intoRcolL TlieRcOUasllsaiecifltlvaiadina8uitablenuliicntniedinni.tliettl^^ 
igsoL THeplasnridisieoovewL Sequence analysis, leslifction ana^fsis, eleciioiilK^ 
oth« blodieniicalHnoleciilar UoHiglcal methods aie genend^ canied out as meduids of 
analysis. AilereadimanipuIa«ion.tl»DNAseqneBcensedcanbedfi8vedand joined t^ 
15 mat DNA sequence. Each phamid sequence can be cloned in the same or other plasndds. 

Dqwifingontiiemethodof insetting desltedgenes into theplant.otto^ 
benecessaiy. for ciam^tteTl orRiplasmid is used Ibr the transfoimation of the jton^ 
c(Sn. then at least the li^it bolder, but often the light and the left bolder of tiie -n or Ri 
jdasmid TONA, has to be joined as the flanUng region of the genes to be Inserted 

Tie use of TONA Ibr the tnasfiwrnalion of phnit cdb IMS been intend 
„aearaiedands»ffidentfydB8aibedlnEP120516;H«fl^ The Knaiy Want 

Vecior?ystem,OIBet^uridtBrqKanteiBaV,AIMasseida^ 

Ham Sci 4S1-465 and An et aL (1985) EMBO J. 4377-287. 

Once the inserted DNA has been integtated in the genome. It is iclativelsr stable 

there and. as a rule, does not come out again, ft noimalfy contains a selection matter ti«t 
oonftis on the tiansfiiimed plant cells lesistance to a Wodde or an antibfcid.^ audi as 
i,i„a,,ydn.0 418,bleon9Cin.hygron9cin.arci^^ Tbe fndiridualty 

fttansfiHmed odls ratber than cdls 



20 



dut do not ocmlain the insetted IMiA 
30 A laige number of teclml«iiies are available ftor inserting DNA into a plant host 

ceiL MetadmiqoesinclndetranslbrmationwithT-DNAoamgAgrobactert^ 
or Agiobactediim tlnzo genes as tianslbtmation agent, fiBaon, injection, or elcctioporation as 
wai as other possible methods. KagiobacteiiaareusedfcrflietnuJsfemiation,theDNAto 
be inserted has to be doned into special plasmids, namely either into an interme^ 
35 orintoabinaiyvector. TlielMeimediatevecttmtambeintegiaiedimotte 

ty homologous lecombimaion OBtfng to sequences that are homolDgons to sequM^ 
T-DNA TlieTlorRiplasmidalaocomprisesllievlriegionneoessaiyfortlietiansiaofthe 
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T-DNA. imemediate vectors cannot rqili^ Hie intamediate 

veaat can be transfixed into Agrobactoinm tnm^Eutais by meam of a b^per plasmid 
(conjn^ttoO* Binaiy vectors can reirtlcate thonaclves both in B ooH and 
They comprise a selection maricer gene and a Unter or po^linter ¥diidi axe fiamed by tbe 

5 ligbt and left T-DNA border regions. Tbey can be transfi3rmed directly into agrobactCTia 

CEfolsteiB «aL [19781 WtoLG€aLGaietl63:181-187> The agrobacrerinm used as host oeD 
is to comprise a plasmid canying a vir region. Tlie vhr region is necessary finr the transfo: of 
the T-DNA Into the plant odL A&litkmal T-DNA miQr be oontahied. The bacterium so 
transfljrmed is tised for the transformation of plant cdls. Plant caqilants can adramageonaly 

IQ bft CT iWr atf^ with Ag^^'^**^^'™ tmpflfitrfanft nr Apghactertam ihlzoBenes far the transfer 

of the DNA into the plant celL Whole plantt can thai be regenaatcd from the infected iflant 
material (for esample, pieces of leaf; s^numts of stalk, roots, but also protoplasts car 
suspension-cultivated ceils) in a suitable medium, wliidi may contain antibiotics or bioddes 
forselection. Tlie plants so obiamed can thai be tested for the presoioe of the fas^tedDNA. 

15 No special demands are made of the plasmids in the case of ii^ection and el^^ It 

is passible to use ordinary plasmids, such as, for example, pUC derivatlve& 

Tbetransibnned cells grow inside the i^tsiri the usual manner. They can form 
genn ceQs and transmit the transformed trait(s) to pro^ plants. Sudi plants can be grown 
to tti^ tv ^^t fwmiier and crossed with planis that have the same transformed hoeditaiy 
20 Actors or odia hereditary fectcHS. The resulttag Iqrbrid individual have the corresponding 

pheiHrtypi*^ properties. 

p«>inplft in - qfnidnft olBodBus f huTinmensis Genes Into RamlOVinises 

The genes codhig for the insectiddaltadiis, as disclosed haeln.cari be 

25 ,,^^|n^rf,T,fffft f "^t" ^ ^intmrr**^ T^^^^^^ imctear priMiedrosIa idrus (AiOTV). Flasmids 

can be amstnicted that omtairi the AdNPV genome cloned into a oomnra^ 
' snchaspUCa. The AcNPV genome is inodified so that the coding regfon of the pcdyl^^ 
gene is ronoved and a unique cdonhig site for a passoiger gene is placed dira 
polyhedrin promoter. Examples of such vectors are pOP-B6874, described lyPennodt el aL 

30 (Pennock, GI>^ Shoemaker, C and Mite, [1984] MoL OdL BtoL 4s39W0S), and 

pAC380» described by Smith etaL ^th,GJ3^Sunmier8,MJX an^ [1983] Mbl 

CdL BfoL 32156-2165). The genes coding for the protein tcsdns of the invention can be 
nKxUfied with ^ffiiHI linkers at appropriate teefons both upstream and downstream from the 
coding region and inserted hito the passenger site of one of the AcNPV vcctxns. 
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B8lic«ddbe«ndei5toodtl«tthe™plesa»lenfl^^ 
tor ffl««rativepnq««oifly and ttot various nKKJ^^ 
sugg^ to peBODS suited itt the ait and axe to be fad 

tbis applicatioa and the scope of the appended daims. 
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SEQUENCB LISTING 

(1) GENEBAL INFORHATIQNs 

(i) APPLICANT! Payne, Jew»i H. 

^ ' Cannon, Raymond J.C. 

BagXey, Angela L. 

fill TITLE OP INVENTION t Novel BaoUlUB thuringlmals Xeolatea tor 
^ ' controlling Acarides 

(ill) NUMBER OF SEOOBNCESl 30 

liv) CORRESPONDENCE ADDRESS s ^^i.4v 

(A) ADDRESSEE 1 David R« Saliwanchik ^ - 

' ST^Ti 2421 N,W. 4lBt Street, Suite A-l 
CITY: Gainesville 
STATES FL 
CODNTSYs USA 
ZIPS 32606 




Version #1.25 



rvi) CUKREWT APPLICATION DATAS 
(Vi) ^£?*^p£5cATIQN HOMHBRS US 

(B) FILING DAZES 

(C) CLASSIFICATION! 

(Viii) MTORNBY/AGBNT lNFC»MATIONs 

* (A) NAME? Saliwanchik, David R. 

IB) REGISTRATION NUHBER: 31,794 

}c) ^?ERENCS/DOCKET NUUBERs M/S 104 

(ix) TELECOMMUNICATION^ INFORMATIONS 
(A) TELEPHOHBs 904-375-8100 
It) ^SfaXs 904-372-5800 

(2) ZNF0RMATZON FOR SBQ ZD NOsls 

(i) SEQUraiCE CEARACTBRISTlCSs 
^ ' (A) LENGTHS 4155 base pairs 
(B> TYPES nucleic acid 

(C) STRANDEDNESSs double 

(D) TOPOLOGY s linear 

(11) MOILBCDLB TYPES DNA (genomic) 
(ill) HZPOTBETZCBLs HO 
(iv) ANTI-SENSE S NO 



ili 



STRAINS PS17 

XNDIVIDnAL ISOLATES PSl7a 



(vii) I^g^f g^xi HM522(pMYC 1627) NRRL B-18651 

(xi) SB0IENCB DSSCRIPTiaNs SBQ ID NOsls 

ATGCCAATTT TAAATGAATT ATATCCATCT GTAOCTTATA ATGTATTGGC GTATAOGCCA 60 

CCCTCTTTTT TACCTGATGC OOOTACACAA GCTACACCTG CTGACTTAAC AGCTTATGAA 120 

CAAXTaTTOA AAAATTTAGA AAAAGQOATA AATGCZGGAA CTTATT06AA AfiCAATBGCT 180 

GASGXACTTA AAGGTATTTT TATAGATSAT ACRATAAATT ATCAAACATA TGTAAATATT 240 

GGTTTAAGTT TAATTACATT AGCTGTACCO QAAATTGGTA TTTTTACACC TTTCATCGGT 300 

TT6TTTTTTQ CTGCATTGAA TAAAGAXGAT GCTCCACCTC CTCCTAATCC AAAAGATAXA 360 

TTTQAGGCTA TGAAACCA6C OAXTCAAGAG ATGATTGATA GAACTTTAAC TG06GATGAG 420 

CAAACATTTT TAAAT066GA AATAAGTG6T TTACAAAATT TAGCAGCAAG ATACCAGTCT 480 

ACAATGOASG ATATTCAAAfi CCATGOAGGA TTTAATAACC TAGATTCTGG ATTAATTAAA 540 

AAGTTTACAG ATGAGGTACT ATCTTTAAAX AOTTTTTATA CAOATOGTTT AOCTGTATTT 600 
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^.aaaeausMa^ aracaficeGiL togkaottto TrmGGTcrrc crrariMGC TaaacMGca 
j^ocBiecarc TraioTXKCT juuaflaaarc AnaciawJG oTCOoacaro Ga&TTca» 

MTOATIICA CBCCaGMWC AATaSHOTCC TITMUUU»» MaTIMUUa TOUXSm 

cErraeicitt MaciMrm tomsgicattt cafiaaoaaac TtGCircaiA ascaaoGccT 
TOSMOTM acTCCiTiac MUU^AacaA aAaiMairc AMTiMoac aacacAirsT 
WMawTTS caaGMTOTT TociacTTTT Gaiocaflaio wiaiocaac aGGarcBflOT 
GAiaTaaBTT lacaaaaaac aocxafiaarr ctttctccit maicociai aooiaciGca 
cMQGGTxaa caaaaaaraa lacrwaaiT 0M»ciTcaa an«acciaa Txaioaaaaaf 
iMoaasGoco osTTTCcm oaaaaasaa *Q^^ 

afiTMoafiao oGGGacaem ceoTGGGcra Tracaaccir aTTrarooGC aasaaaaorc 

CauusaiTCTG TasaflaCTOC TITGt^ 

cccaaTxaic Tirccaaaoa TTcnwcaaT ccauuraaac aaaraaaaar oaasacpwo 
aMacao(ac <acaaflGB» GBOTecc^ 

cccTiaaaTT raraacaacG aaaiooTaos aGacrrafiTG eraoiMGCc toomgtiw 
ecroasacaa Tasaiafircr occwwaacr canarciTT craaicicia TGoaacrcci 
rarcaaacCT CToaiaacia TTCMGicac Gnoowcas MOTaewTOT aaacacsacer 
CMuaGocia cTCTTccraa wnxaiBOt caaaaeaitt aacasGGaaa iGxaiciaca 
msGumc cGTiiGaaaa aflcircnaT GGaooiacao TTSTiaaaGa aiGOTTaaai 
GOitGcaaaTO osaiGaaflci wctcctqgo caaTcxaiao GxasrccrM- g« aaaiG^ 
MaMMGac aaraawaaaa? ■bcotxgtoot laiocaacta aaBaaaaasac saaoeiTTTC 
TOHu«aas uaczooBSG aiscaaarcca astnccaac aoaiaaaciT TGcaawcacr 
eaaoaaaaaa asaoGGoafiS acaaoGaoca aaiGGTOTci aisTaGTcaa aicraTTCcr 
MaacTfflmi arrciTTTac afiaaasrcci GCGaasaoaa raaMorrca WTaaccaac 
caaGGTTcro ciGarGTcra TTiafiacooT airoaairxa xacewTTTC acracCTcw 
ATaaarcais oaaoaaaaaa tcaoiTcaTca GGMcaearo aaGrraraso ciciKa-Eca 
MMHwaaaro aciaoeaiMJ aaTasxaaas GGTcaoGCca ATasraoiM aarcGCiaGT 
wscawcaiT TGcrraaxaa aoGaaaaflTo aiaaaaacaa TToaTaaroc aGCGcarroo 
eaaacciTci TTGCcacsrc oocacTTCca GaacoaOTia amsaacraao aaascTTGcr 
ccccraacac aacsraGTCG aaaaarraec e«acaaic» asiaaTOtsooc waaociaia 
MwaaiQGTG OTGoioaiea icawMTaai ookomoto asoGroorca aracaaiTTT 
TCiraaaGti earcroaica TacGacrarr laicaTGGaa aaciTGaaac MGGaTScax 
GTacaAGGxa aixaraccia lacaGGiacT coooiaTTaa laciGaaiGo Txacaaaaar 
jkMacTCTaG TBJEcaascaa: TccaGTarar a c m ayim asaiaacxaT acafiacaoaa 
acToarascc TEoaGCPtoa aciacaaoCT aoaraaHGTr wooacaaT oaaiGoracr 
ccaacaoraa aaaflrcciaa iGxaaairac GaaasATcai raaaacrccc aaxaeacTxa 
caMMMxa caacacaaex aaaiGcar^ 

caiaaiG-caa GiGaarcasraA naxGaaGaa oirotaraaa aacTGoaxGC craa axaoar 
oaBGiftTXiG aanaaeaaaa oaaGOCTTaai oBsaaanaG TGaawaaoc aaaaooTTTO 
taamaoA. ouubtcitci oaiaoGTOGO aflMrrsaaa airooaaiGC aroGraiaaa 
ooaaGaaaTO TaGTaacrai arcrcaacar caacaaTTTA acaoTGaicak vssKSXKem 
oaccaocaG gbttgtctcc xccmxam: irccaaaaaG TGoaGGaaic TaaaiMAaa 
^», nn>^r.. GiraiaiTCT TTCTGoaTTo aroGcacaiG oaaaaoaocrp aGaaarroTT 
GiTieaoGXT aioGGcaaGa aoMcaaaas cwsGiGcaao -cTOcaraMG aoaaflcaTTC 
coGnaacar caaamiaaoc aGTOTGiioT cccccjaoorr ecacaafliaa TCaaaocna 3240 



660 
720 
780 
B40 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
IBOO 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340' 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
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CCTGGTATSO 
TT6GAAASTC 

CCTGTXMC& 

CZVTTGGTTT& 

GGTaO&OGTO 



6STAC6TSG6 

ATTTCTTCae 
CCTRCftCWTG 
MGAftCRACft 



AZTTCTTX&G 
aaiRGGTCT 
GSGAASATCG 
GGAGAACCGA 

TGXGAGA.TA6 
OTOCGTAT6C 
CAGCTAATTG 
TATTGGGACT 
ATCGAGATftA 

CTTCTCAA06 
ABOI^TGGAGK 
ACCAAftRTCC 
AXGA& 



TTACAGTATC 
TOGTATTOTA 
TOCATTAGCA 
OTATGAGAAA 
CGGA7TGTAT 
TOTAGAC60G 
AXTCA6TGAA 
AGAACT6GAA 
GACAAXAGAA 
TCGAOATTGO 
AGAASACAAC 
AGAAACAAAA 
TCAAGGACTC 
ATTCTTAGT6 
TQAGGGAAAT 



GATGTAGGTG 
AATOCAACTG 
GCAAATQAAA 
GAACGI6C6G 
QAAAATOGAA 
ATTGXA7TAC 
GAAG6AGATA 
GAAA6XAOGC 
GGOGATGGAC 
TCTXOQAGTG 
TTAGXASTCSC 
tCAXATAGAAA 
ACSGTTTGAAT 
GAXAAXA7TG 
AOGGCXSOCSL 



GACTAGATXT 
GAATC6GACG 
TAOGAGAA0T 
AAGTAACAAG 
ATTGGAA06G 
GAAOGTTAOC 
ZAATGGCXAA 
TTCTGCATAA 
ATCAOATAAC 
TATCTCAAAT 
ATGOOCAAGG 
CGCakTAGAGA 
CAAATAIU^ 
CGCTZGTOGA 
GTAOGfcAAlSAG 



ACAAGGAAAC 
OOTAAQCAAT 
ACAACGTGTC 
TTTAAXTCAA 
TTCTATTCGT 
AAAGTXAOGC 
ATTCCAAG6T 
7GGTCATTTT 
ACIAGAAGAT 
GATXGAAATC 
AGAAGGAAOG 
TCATTTTCCG 
GACAGTOAOC 
AGCXCCTCST 
OCATACAAGg 



(2) IHFORKATIOII for SBQ id VOt2t 

(i) SEQUENCE CHARACTERISTICS s 
* ' TS) l^GTHt 1385 amino acids 
IB) TYPE: amino acid ^ 

iCS STRAI9DED19BSSS Single 

(D) TOPOLOGY I linear 

(U) MOLBCIlIiB TYSBx profceln 

(lU) BYPOTBSTICAXiS YES 

(lv> ANTX-SEMSEs NO 

(vll ORZGINA];. 6QI7RCE: 

* ' ORdANISHs E» ~ -==T5J 

INDXVXD1IAI. ISOLAXBs PS17 



tZGINAIa SOURCE: 

/a> ORdANISHs BACHXiUS THORINGIENSIS 



(VU> »«f "glBf^ill NH522(pilYC 1627) HRRI. B-18651 
(Xl) SEQUENCE DESCRIPTIONS SEQ ID NOs2s 



3300 
3360 
3420 
3460 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4140 
4155 



Mafc Ala 
1 


Ila 


Lea 


Aen 

5 


Glu 


Leu 


Tyr 


Pro 


Ser 
10 


Val 


Pro 


Tyr 


Ala Tyr 


Thr 


Pro 
«20 


Pro 


Ser 


Phe 


Leu 


Pro 

25 


Asp 


Ala 


Gly 


Thr 


Pro Ala 


Asp 

35 


Leu 


Thr 


Ala 


Tyr 


Glu 
40 


Gin 


Leu 


I«eu 


Lys 


Asn 
45 


Gly He 
SO 


Asn 


Ala 


Gly 


Thr 




Ser 


Lys 


Ala 


He 


Ala 
60 


Asp 


Gly He 

65 


Phe 


He 


Asp 


Asp 

70*^ 


Thr 


He 


Asn 


Tyr 


Gin 
75 


Thr 


Tyr 


Gly Leu 


Ser 


lieu 


He 
85 


Thr 


Leu 


Ala 


Val 


Pro 
90 


Glu 


He 


Gly 


Pro Phe 


He 


Glv 
100 


Leu 


Phe 


Phe 


Ala 


Ala 
105 


Leu 


Asn 


Itys 


His 


Pro Pro 


Pro 
115 


Asn 


Ala 


Lys 


Asp 


He 
120 


Phe 


Olu 


Ala 


Het 


Lys 
125 


Gin Olu 
130 


Met 


He 


Asp 


Arg 


Thr 
135 


Leu 


Thr 


Ala 


Asp 


Glu 
140 


Gin 


Asn Gly 
145 


Glu 


He 


Ser 


lis 


Leu 


In 


Asn 


Leu 


Ala 

155 


Ala 


Arg 



30 



Val lieu 
15 

Ala Thr 

Glu Lys 

Leu Lys 

Asn He 
80 

Phe Thr 
95 

Ala Pro 
Ala He 
Phe Leu 



Gin Ser 
160 
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sar 



Thr Met MP anp IX| In ser Hie Oly Clj Phe a-n I-ye Val *fl| 
Gly L«i lie gg lya Phe OSir AW Cl| Val I«u S«: I«u M§ 8er Phe 

Thr L«i 61y I-u pro Tjrr Ala 11- !«. alg ser Hat His 

«at I«« I-m ^ ASP lie He Tlur lye sly Pr| Thr S«P MP Ser Ljg 

225 23U * 

11« Mn Phe our Pro Mp Ala He Mp Sgr Phe Lye Ite *-p lie 

Mn ABH lie L|g Leu Tyr ser Ly» ^ lie Tyr ABp val Phe Oln I-ye 
Oly r-m Ala Ser Tyr Gly au: Pro aer A«. I-u alu III Phe Ale l.y- 
I.ys Gin .yr He Gl« m l»t ««: BUT HI- egg I« ASP Phe Ala 
^ Len Phe pro «ur Phe ASP pro Aep l-» Ijr Pro Oly aer 
^ lie ser I«a 61| Lye Thr Arg Arg lie I-« Ser pro Phe Il| pro 
lie Arg Thr Ala ASP Cly I«i Thr Le« Aen Asn Thr ser lie A5P 
ser Asa m Pro ABn Tyr Olu Agn Gly Asn Oly Ala Ph| Pro Asn Pro 
1^ Glu Arg lie Lea I.ys Phe i.ya Leu Tyr Pro Ser Trp Arg Ala 
7^ Tyr Cly Gly Leg Leu Oln Pro lyr L|« Trp Ala He Glu Val 
gL MP ser val |1| Thr Arg Leu Tsr Olj Gin Leu Pro Ala A-p 
Pro Gin Ala Glj pro Aen Tyr val ^ He ASP fler ser Mg pro He 
Ila Gin He A«i Met ASP «.r Trg Lye Tbr Pro pro Gin Gly Ala ser 
Gly Trg A-n Thr A«i Leu He| Arg Gly aer val Sgr Gly Lea ser Phe 

5|a gL Arg MP Gly Thr Arg Leu ser Ala 61| Met Gly Oly Oly ^ 
MP Thr He Tgr ser Leu Pro Ala Thr His Tyr Leu ser gr Lau 

Tyr Gly Thr pro Tyr Oln Thr ser As| Mn Tyr Ser Oly Hlg Val Gly 
Ala Leu val Oly val Ser Thr go Gin Ola Ala Ihr Leu Pro Mn He 
He Gig Oln Pro Mp Glu Gin Oly Asn Val Ser Thr Met Gly Phe Pro 
Ph| Glu Lys Ala ser T|r Oly Oly Thr Val Vgl Lys Glu Trp I-u Mn 



Gly Ala Mn Ala Me| Lys Leu ser Pro Gig Oln Ser He Gly H| Pro 

He Thr Asn val Thr ser Gly Glu Tvr Oln He Arg Cya Arg Tyr Ala 

580 Doa w-w 

ser Asn III Aan Thr Mn Val Phe Phe Aan Val Asp |hr Gly Gly Ala 

ABn Pro He Phe In in lie Aen Phe Ala Ser ^ val Aap Asn Mn 
5X0 oio 
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Thx Gly Val Gin Oly Ala hmn Oly Val Tyr Val Val Lye Ser lie Ala 
625 63Q o35 

Thr ifhr Asp Aen Bar Phfi Thr Olu lie Pro Ala Lye Thr lie Aon val 
645 o50 oao 

Blfl Leu Thr Aan Gin Oly Ser Ser A|| Val Phe Leu Aop Arg lie Glu 

Pfae lie Pro Phe Ser Leu Pro Leu lie Tyr Hla Gly Ser Tyr Aan Thr 
675 Sou eo^ 

Ser ser Oly Ala Asp Aap val Leu Trp Ser Ser Ser Aan Met Asn Tyr 
690 695 700 

Tyr ASP lie lie Val Aan Oly Ola Ala Aan Ser Ser Ser lie Ala Ser 
705 710 715 

ser Met Hie Leu Leu Aan Lys Oly Lya Val lie Lya Thr lie Aap lie 
725 730 /J» 

Pro Gly Hie Ser Glu Thr Phe Phe Ala Thr Phe Pro Val Pro Glu Gly 
740 745 7 WW 

Phe Aan Glu Val Arg lie Leu Ala Gly Lm Pro Glu Val Ser Gly Aan 
755 7oO TOD 

He Thr Val Gin Ser Asn Aan Pro Pro Gin Pro Ser Asn Aan Oly Gly 
770 775 7oU 

Glv Aap Gly Gly Gly Aan Oly Oly oly Aap Gig Gly Gin Tyr Aan Phe 

785 /3iu 

ser Leu ser Gly ser Aap His Thr Thr lie Tyr Hla Oly Lya Leu Glu 

Thr Gly He His Val Gin oly Asn Tjr Thr Tyr Thr Oly Thr Pro Val 

im He Leu Asn Ala Tyr Arg Aan Aan Thr Val val ser Ser He Pro 
S35 840 OM 

Val Tyr Ser Pro Phe Asp He Thr He Gin Thr flu Ala Aap Ser Leu 
S50 855 860 

Gjtt Leu Glu Leu Gin Pro Arg Tyr Gly Phe Al| Thr Val Aan Oly Thr 
Ala Thr Val Lys Sm Pro Aan Val Aan ^ Aap Arg ser Phe L|b Leu 
Pro He Asp Leu Gin Aan He Thr »r Gin Val Aan Ala Leu Phe Ala 

900 905 

Ser Gly Thr Gin Aan Met Leu Ala Hla Aan Val Ser Asp His Aap He 

^ 915 920 925 i 

Glu Glu Val Val Leu Lya Val Aap Ala Leu Ser Aeg Glu Val Phe Gly 

in Glu Lya Lya Ala L|u Arg Lys Leu Val Aan Gin Ala Lya Arg Leu 

ser Arg Ala Arg Aan Leu Leu He Gly Gljj Ser Phe Glu Aan Tr| Aap 

Ala Trp Tyr L|B Gly Arg Aan Val Val Thr Val Ser Asp |is Glu Leu 

Phe Lys ser Aap Hia Val Leu Leu^Pro Pro Pro Gly Leu.Ser Pro Ser 
^ 995 *^ 1000 1005 

Tyr JJIq^I*® 1015**^'* ®" iJJio^" ^ 

Tyr He Val Ser Gly Phe He Ala Hia Gly Lvs Asp Leu Olu He Val 
1025 1030 1035 luw 

val ser Arg Tyr O^g®^ iXso^^ 1055^ 

Gly lu Ala Phe Pro Leu Thr Ser Aan ly Pro Val Cys &ra Pro Pro 
1060 1065 AU/iJ 

Arg Ser Thr Ser Asn Gly Thr Leu Gly Aap Pro Hia Pge Ph S r Tyr 
1075 1O80 iUoo 
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sec ge^Agp val aly aOa Ign^Asp I-a am Ala Mmntra ly lie 01« 

Phe Oly I«i »rg He Val^JUia »ro -mr Oly «|t Ala Arg Val aer ^ 
X105 lilO *~ 

l«i Glu lie Arg f^/^ Ara »ro Mu fif^*!* *«» 55! s®^ 

Val Oln Arg Val^Ala Arg Aan Trp A^g™" <»1» iXsO®^" *^ 

Ala aitt Val Mir fler leu He Olnl»ro Val lie Abu arg lie Aan 6ly 
1155 1160 

Um gr^«ln *«» r^5*" ^ iSo**" 

^^6la Aan lie ABp val Leu Pro ^gM" »^ ^ 

Hie aarp Phe Met seggAep A«« «ie ser gtt^ola Oly A^ lie 



Ala 



Pbe 61n fljjjAl* I-a Aan Arg ^s»y» Ala Oln X-m ^^9lii ser 

OUT I-m JUgHi* =^ glo'*' *^ ^Is*" *^ 

He gu^Oly Aflp Ala Hla Gln^lle ttr Leu Oln A^Oly Arg Arg Val 
leu.Arg I-m Pro Asp ^^sbt Ser Ser Val f^gOln Met He Clu Hg^ 



1265 

eiu Ann Pbe Ann gggA^OP l^y" ei« ffto^ ^ SJs®^ 

Oly Oln Oly gg^V*! Ttar ten 01« ^g«ly «1« aSf o'^ 
am Xhr ^^thr His Hie Phe JlJoA-n Phe ttr Thr f ggOl" «l» 

Cly 5|§o«« »J» «1» tSs'^ ""^ ^ ""^ ^0^^* ser ser om 
A||^aiy Oltt Phe xen gig*"? Aan He Ala ^fggVal Oln Am Pro 1^^^ 
fro Sbr Aap A8P ^^Aen Ser Glu Oly ^ntbr Am Ser Ser ^gr^Aan 
ser ASP Thr f^** A«i Aan Aen 

(2) xMiaaiiASioir for seq id mtSs 

* ' CS) LBHGIHs 3867 baoe^paira 

(B) TYPE* nneleio acid 

(C) SXRAHDBDNBSSt doable 
(0) IDPOKAOKs imear 

(ii.) HQLBCOU TZPBt SHA (genonle) 

(111) BZPOlHBXXCBXiS NO 

(Iv) ANTI-SENSBt BO 

<'^> **?i?^JSSPkciima thuringiensl- 
lil !^!^^^isaums< PSiTb 

evil) ^^^fT^li. Hl!S22<pHrc 1628) HRRt, B-186S2 
(Xl) SBQPBHCB DESCRIFTXOtK fiEQ XD lK>s3t 

MCGCMOT arAaaToaaTT MaicccaTCT Q?iaccn»T& atgtmctggc OTAiaoGcca. so 

CCCECTTTTX laOCTIOATOC GGCTACftCMl GCXacaOCTG CTGaCTTftAC MCTTa3!Gaa 120 
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diKSTGTTGA AaAATTTASA AAAAGGOAXA AM?OCIGGAA CTTMrOOJUk AaC&&TA0CT 180 

GATGSACTTA AAfiOXaSTTT TRT^«'^'»«'^'P ACUXA^TT ATGAftaCKIA TdZBAAZaXT 240 

GOXTTftaGTT VAaXX&C&TT A6CIGTA006 CAaArEGGT& TTTTTftCACC TTTCftTOOGT 300 

OTGTTTTTTO CTGCaTTOAA TAAACa^TGAT 6CTCCACCTC CTCXITAATGC AAAAGATATA 360 

TTTOMOCTA TOaftACCAGC QATTCftaGaG AXGATTGATA CaACTTXAAC TOCGGATGAO 420 

GAAAGATTTT XAAATG6GGA AAXAAaXOOT TFACAAAATT ISAOGAOCAAO AXACCAflTCT 480 

ACAA3IGGAXe AXAirTCAAAO CGMOGAOGA TTTAAXAASO TAOATTCSIGQ ATTAATZAAA 540 

AAOCTTACAG ATGAG6XACT AXCTTOIAAAT AOTTTTTAaa CAOATOOTTT ACCTGTATTT 600 

MTACAGATA ATACSAfiCGQA TOOAACTTTG TTAflOTCTTC CraATTATGC ZATACTTGOa 660 

AGCAXGGATC TXATGMATT AAflAGATATC AaTTACTAACG GTCOCACU^ G6ASTCTAAA 720 

awaU^TTICA CAOCAGASGC AAXTGATVOC TTXAAAAOOO AXAXTAAAAA TAA T A T AAA O 780 

CTXXACTCCA AAACEaTTTA MACSQfTATTT GAGAAOGGAC nOCRCamk OQOAACXSCCT 840 

TCIGAMTAO AOTCCTTTCC AAAAAAACSkA AAATATATTO AAATTATOAC AACACATTGT 900 

TTAOATTTTO CAASATTGTT TCC»!CTTTT CSASCCAGATC TTTAaJCCAAC AGGATCA66T 960 

GMATAAGTT TACAAAAAAC AOCTAOAAM CTTTCTCCW OTATOCCraT ACOTACTOCA 1020 

OarGGSTZAA CATTAAAIAA HACRCAATT <a'EACTTCAA ATTG60CZAA TXASQAAAAT 1080 

GGGAATGGCa OGTTTOCAAA CXXaAAAGAA AGAATATTAA AACAATTCAA ACTGTATCCT 1140 

&OTTG6A0A6 OGGGACAGTA CGGTCGGCTT TTACAACCTT ATMATCOGC AATACAACTC 1200 

CMGarrCTC •raaAOACTCO TTTOTATGGO GAGCTTOCAO CTOTAOATOC ACAGGGAGGO 1260 

CCXAAiXXAXG TTTOCAXAGA TICTTCTAAT CCSAATGATAC A AA T AAATAT GGATACrCGG 1320 

ftftumnikngAg CACAAGGTGG OASXOGGTGG AATACAAATT TAATGAGAGG AAGTGTAAGC 1380 

OOGTTAAGTT TTTTACAAOG AGAIGGTACG AfiACTTASTG CIGGTAIG60 TOOTGGTTTT 1440 

GCTCAXACAA SAXAXAGTCT CCCTOGAACT CATTATCTTT CMAITCTCTA TGGAACTCCT ISOO 

* TATCAAACTT CXGATAACTA TTCTG6TCAC GTTGGTGGAT TaoraGOTGT OAOTAD0C5CT 1560 

CAAGAGGCTA CXCTPCC!3CAA XATOATAGGT CAACSCaGATC AACACCGAAA TGlMfCTACA 1620 

ATGGGATTTC OGTTTGAAAA AGCTTCTTAT GGAGGTACAG TTGTTAAAGA ATGGTTAAAJT 1680 

GOXGCSQAAXO OOAXGAAGCr TTCTCCTGGO GAATCZATAG GTATTCCTAT XAGAAAXOXA 1740 

ACAAGIG6&G AA-'^'wa^'P TOGT T G TOGT CAWCAAGXA ASGAIZAAXAC SAAOGXmC 1800 

TTTAA3GZAG ATACTG6TCG AGCAAAXOCA AXTTTCGAAC AGASAAACTT TOCATCTACT 1860f 

OTAGMAATA ATAOGGGAGT ACAAG6AGCA AA3K3QTGTCT ATOTA6TCAA ATCTATT6CT 1920 

MAACT6ATA ATTCTTTOAC AGTAAAAATT CSCI6C98AAGA OSATTAAT6T TCATTTAACC 1980 

AA0CAA6GTT CTKTOAaGT CTTMTAMT OSaSATMAGT MGTTCCAAT TCIAGAATCA 2040 

AAXACTGSAA CaAJBATTGAA CAATTCATAT ACIACAGOTT GAGGAAAXCT TASAOCaOGA 2100 

aSAGCTCCTC TTTOGAG'CAC TA6TTCACAT AAAGCOCTTA CaUSCTTCJCAT GTCAATAACA 2160 

6GTOGAACTA CCXXTEAACAO TGAT6ATOCT TTOCTTCOAT TTTTTAAAAC aAJTTATGAT 2220 

ACACAAACCA TTCCTATTCC GG6TTCCGGA AAACATTTTA CAAATACTCir AGAAAXACAA 2280 

GACATAGTK CXAZIGAXAT TRTGTOGGA TCTGGTCTAC AIGGATCCSGA TOGAXCXAXA 2340 

AAATIAGKR TTACCAATAA XAAXAGTGGK AOT6GTG6CT CTCCAAAGA6 TTTCAC06AG 2400 

CAAA'^^XGATT TAOAOAATAT CACAAGACAA GTGAATGCfTC TATOJCACATC TAATACACAA 2460 

GATOCACTTO CAACAGAJPGT GAGTGAXCAX GAIATTGAAG AAGTGGTTCT AAAAGTAGAI 2520 

GCATTATCTO AXGAAGXGTT TGGAAAAGAG AAAAAAACAT TCOGXAAATT TO TAAAT G AA 2580 

GC6AAGCGCT TAAGCAAGGC GOGXAATCTC CTGGOSAGGAG GGAATTnOA TAACTTGOAX 2640 

GCTTGG3ATA GAG6AAGAAA T6TA6TAAAC 6TATCTAATC AOGAACTGTX GAAGAGTGAT 2700 

GASQSA3XAX TACCACCACC AGGATTGTCT CCAZCTXATA TTTTOCa^AAA AGTGOAGGAA 2760 
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TOXMiMTaA AMaaMKQC Aocmaca GTrTcreaar TTBiracoca accaacMaT 2820 
OTMaMSTG locTTTcioo TTaawGGcaa oaaasftMCA MflToooBca aoTTcenax 2880 
aoaGMMScar icccanaac aacaaowsea. ocaoiTTGfTT oraafflooaca raciacaaos 
AaxGGa&csT aawMcaura MaiTTcrw aBTTi^^ TGcanaoar 
6caaacaca& acccmgibi TGaarrooGT cTTOGTaTio aaaarocaac laaaaaoaa 
OGOOxaaac& MTTOGaaai TOGToaaaaT CGTOcaraaB caocaaaiaa aaraotsacaa 3120 
aiacaaoQXG Tcocauwaaa TTooaflaaoc oafisasaaffli aaoaaoorcc ooaaoraacA 
jun-Rcaazzc aaociarcai eaumaaarc JUfflecaaroT aiaacaMSG aaasraaaae 
Gozxccaxic oxxcAsaxax Trcataxcac aaiaTaa&CG oGarTOTasT accaaoeraa 
ccaaaoTxac ocxanoera TaiercaGM? aaamaoTC aacaaeoafla sm^cocsp 
auuOTCcaac eTQcaraaaa TCOTocoTar acaca»cioo aacaaaaafac mstrciacas 
jjKEGOTcaM wacaaaa«a wcaoccaar waacooraa aaoGoaaaiec acaacaaaiA 
cs&TzaaaB0 aseesaaacG toBarraoeBL steocacaTT GOTcrroGac «aBTCTca& 
jusaxToaaA TOGaoaanT loaaMcacaT aaaoaaxaaw aarraGTaTT TcaaeoflcaA 3600 
GaasaaG6a& coGTraocra caaacaawai oaama afa a aaTaxaxafl* Aaoooasaca 
cakTcaTTTTs oaaaiiTms *acTTcaxaui caacaaooac TCaoBOTGa axcaaasaaft 
exauMSsetL ccarwcTTC ajaaaaasoGa saaa-Ksraas saoaaaaiaT TGOocaroTG 
QMoesocze •raocxacafia isaccaaaar Tca»a«GaaA aaaooociTC caoxaooaar 
H ffffiy^TOwm* GzasGaacaa. caaxca& 

(2) mOBMaXIOH lOR SEQ XD not4s 

aSsass 1289 amino acids 
fB) TiSSt amino sold , 
Ici srataHDSDHRSSt singls 

(D) XOFOEaSZt liiMar 
HOISCOEB TZSBt (COtsiA 
(HI) BZBOXHBSICia.* SBS 
(Iv) MTI-SBHBEi HO 

(C) IHDIVZOTiaL ISOSaXBt PS17 
(vii, MB^f^^u. ini522ttaKC 1628) HBRL B-1B6S2 

(xl) 8KQQBRC8 DBSGSXPTZOIIs SBQ ID MOs4< 



2940 
3000 
3060 



3180 
3240 
3300 
3360 
3420 
3480 
3540 



3660 
3720 
3780 
3840 
3867 



Herb 


Ala 


Zla 


X<en Asn Glu 
5 


Lea 


Syr 


Pro 


Ser 
10 


val 


Pro 


Tyr 


Asn Val Leu 

15 


Ala 


Tyr 


Tbr 


Pro Pro ser 
20 


Phe 


Leu 


pro 
25 


Asp 


Ala 


Gly 


Thr 


Gin Ala Thr 

30 


Pro 


Ala 


Asp 

35 


Leu Thr Ala 


Tyr 


Glu 
40 


Gin 




Leu 


Lys 


21sn 
45 


Lea Glu Lys 


61y 


He 
50 


Asn 


Ala Gly Tbr 


IT 


ser 


Lys 


Ala 


He 


Ala 
60 


Asp 


Val Leu Lys 




lie 


Phe 


lie Asp Aflp 
70 


Thr 


lie 


Asn 


Tyr 


Gin 
75 


Thr 


Tyr 


Val Asn Zle 

. 80 


Gly 


jMi 


ser 


Lea He ttr 
85 


XiBa 


Ala 


val 


Pro 
90 


Glu 


He 


Gly 


He Phe Thr 
95 


Bro 


Ptae 


11 


Gly Lea Pbe 
100 


Phe 


Ala 


Ala 
105 


Lea 


Asn 


Lys 


His 


Asg Ala Pro 


Fro 


Pro 


Pro 
115 


Asn Ala Lye 


Asp 


He 
120 


Phe 


Glu 


Ala 




Lys 
125 


Pro Ala He 
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Oln Glu MAt lie Asp Arg Thr I«eu Thr Ala Asp Glu Gin Thr Phe Leu 
130 135 140 

Asn Gly Glu Xle Ser Gly Leu Gin Asn Leu Ala Ala Arg Tyr Gin Ser 
145 150 155 160 

Thr Met Asp Asp Zl| Gin Ser Els Oly Gl^ Phe Asn Lys Val A8| Ser 

Gly Leu Zle Lys Lys Phe Thr Aep Glu Val Leu Ser Leu Asn Ser Phe 
IBO 185 190 



Tyr Thr hap Arg Leu Pro Val Phe Zle Thr Asp Asn Thr Ala Asp Arg 
' 195 200 205 

Thr Leu Leu Gly Leu Pro Tyr Tyr Ala Zle Leu Ala Ser Met His Leu 
210 215 220 

Met Leu Leu Arg Asp lie Zle Thr Lys Gly Pro Thr Trp Asp Ser Lys 
225 230 235 240 

Zle Asn Phe Thr Pro Asp Ala Zle Asp Ser Phe Lys Thr Asp lie Lys 
245 250 255 

Asn Asn Zle Lys Leu Tyr Ser Lys Thr Zle T^ Asp Val Pte Gin Lys 
2B0 265 270 

Gly Leu Ala Ser Tyr Gly Thr Pro Ser Asp Leu Glu Ser Phe Ala Lye 

Lys Gin Lys Tyr Xle Glu Zle mt Thr Thr His Cys Leu Asp Phe Ala 
290 295 300 

Arg Leu Phe Pro Thr Phe Asp pro Asp Leu Tyr Pro Thr Gly Ser Glv 
30S 310 315 320 

Aep Zle Ser Leu Gin Lys Thr Arg Arg Zle Leu Ser Pro Phe Zle Pro 

325 330 335 

Zltt Arg Thr Ala Asp Gly Leu Thr Leu Asn Asn thr Ser Zle Asp Thr 
340 345 350 

Ser Asn Trp Pro Asn Tyr Glu Asn Gly Asn Gly Ala Phe Pro Asn Pro 
355 360 365 

Lys Glu Arg Zle Leu Lys Gin Phe Lys Leu Tyr Pro Ser Trp Arg Ala 
^ 370 375 380 

Ala Gin Tyr Gly Gly Leu Leu Gin Pro Tyr Leu Tzp Ala Zle Glu Val 
3B5 390 395 400 

Oln Asp Ser Val Glu Thr Arg Leu Tyr Glv Gin Zieu Pro Ala Val Asp 
405 410 415 



Pro Gin Ala Gly Pro Asn Tyr Val Ser Zle Asp Ser Ser Asn Pro Xle 
420 425 430 

Zle Gin Zle Asn Met Asp Thr Trp Lys Thr Pro Pro Oln Gly Ala Ser 
, 435 440 445 

Glv Trp Asn Thr Asn Leu Met Arg Gly Ser Val Ser Gly Leu Ser Phe 
' 460 * 455 460 

Leu Gin Arg Asp Gly Thr Arg Leu Ser Ala Gly Met Gly Gly Gly Phe 

465 ^ ^ 

Ala Asp Thr Xle Tg Ser Leu Pro Ala His Tyr Leu Ser T^ Leu 

Tyr Gly Thr Pro Tyr Gin Thr Ser Asp Asn Tyr Ser Gly His Val Gly 
500 505 510 



Ala Leu Val Oly Val Ser Thr Pro Gin Glu Ala Thr Leu Pro Asn Zle 
S15 520 525 

Zle Gly Gin Pro Asp Glu Gin Gly Asn Val Ser Thr Met Gly Phe Fro 
530 535 540 

Phe Glu Lys Ala Ser Tyr Gly Gly Thr Val Val Lye Glu Trp Leu Asn 
545 550 555 560 

Gly Ala Asn Ala Met Lys Leu Ser Pro Gl^ Gin Ser Zle Gly Zle Pro 
Zle Thr Asn Val Thr Ser Gly Glu T^ Gin Zle Arg Cys Arg Tyr Ala 
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ABn A« Asn Thr Asu val Pbe Phe J^n Val Asp Thr Gly ly Ala 



^„ pro l!« Phe GXn Gla ll| iUin Phe i^a Ser ^ VaX Aap iu« 



Thr Oly val Ola cly Ala lum Oly Val «yr ^ Via lye 8« Ila Ala 

625 o30 

Ihr Thr Aap Asn |er Phe Thr val Lye lie Pro JOa Lye Thr Il| Aen 
val His Leu Thr A-n 61n Oly Ser ||r Aep Val Phe 1«« Aag Arg lie 
Glu Phe val pro He I«a Glu Ser Aan Thr Val Thr 11| Phe A-n Asn 



675 



ser ^ Thr Thr Gly ser Ala ABnl^u Tie Pro Ala lie Ala Pro Leu 
^ 1^ Thr ser ser Ag r.y» Ala leu Thr Gg ser Het: ser lie ^ 
tty Thr Pro Aen ser A-p A.P Ala I-» I« Arg Phe Ph| lye 

«r A-n Tyr ABg Thr Gin Thr lie Pr| He Pro Oly Ser Gljj I.y. Ai^ 
Phe Thr Thr Leu Glu He Gig Asp lie Val S«r lie Aep lie Phe 
.g Gly l-u Hie Olj Ser Asp Gly Ser lie lye I*a Aep Phe 



Val 61: 
77 



Thr A«. Aeu Asn Ser Glv Ser Gly Gly Ser Pro I.y. s«r Phe Thr Glu 
Gin Aea Aep Lea Glu Aen He Thr Thr Glu Val Aen Ala Leu Phe Thr 
ser Asn Thr an Ai«. Ala Leu Ala ^ Aep val ser ABp Hie ABp He 

Glu Glu val val Leu Lye Val A^ Ala Leu Ser Aep Glu Val Phe Oly 
835 

j.yu Glu Lye Lye Thr Leu in Ly- Phe val A-n Gin Ala Ly. Arg Leu 
III ^ Ala Arg Asn Leu Leu Val Gly oly Ajn Phe Aep Aen Leu Agg 
"a Trp T^ Arg 6g Arg A-n val val Asn vel ser A-n HI- Glu Leu 

i.ys ser Asg His val Leu Leu pro pro pro Oly Leu |er Pro Ser 

'lyr ile Phe Gin Lye Val Glu Glu ser Ly- Leu Lys Arg Asn Thr Arg 
915, 

Tyr ^ val Ser Oly Phe Il| Ala His Ala Thr Asg Leu Glu He Val 

val ^ Arg Tyr Oly Oln Glu He Lye lor- Vgl Val Gin val Pro Tgr 
945 9SO 

Gly Glu Ala Phe pro Leu Thr ser ser Glj pro val eye Pye He Pro 

Hi. ser Thr ser A-n Oly Thr Leu Oly A-a Pro Hie Phe Phe Ser Tyr 

980 

ser He III val Oly Ala Leu Aeg^Val A-p Thr A«x Pro «y He Glu 
Phe Glj^Leu Arg He Val Asn^Pro Thr Gly «et *la^Arg Val Ser A-n 
Lgu^iL°He Arg lu A-|^Arg Pro l«u Ala Ala^A-n Glu He Arg 6^ 
vS^ln Arg Val Wa^Arg Aen Trp Arg Tbr^Glu Tyr Glu Lye Glu^Arg 
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Ala Olu Val Thr S«r Lau Il« Oln Val lie Asn Arg Ilf 
1060 1065 i07U 

Leu Tyr Aap Asn Oly Aan Trp Aen Oly ser He Arg for A«p He Ser 
1075 1080 10H5 

Tyr Oln Asn lie Asp Ala Ilg Val I«u Pro Thr Lys Leu Arg 

1090 1095 llOO 

Hia^Trp Phe Met Ser Jgo**^ ^er Ola Oln^Qly Aap He Met ^a^ 
Lye Phe oln Oly Al|g^ *an Arg Ala ^q*!* ^ fits**" 
Thr Leu Leu His Asn Oly His Phe Thr Lya Asp Ala Ala Aan Trp Thr 

^X40 H4S A*3w 

val Olu Gly Asp Ala His Oln Val Val Leu Olu Aep Oly Lys Arg Val 
1155 1160 llos 

Leu Arg Leu Pro Asp Trp fer Ser Ser Val Ser «ln-«>r «1« 

1170 1175 iABW 

OlUgAsn Phe ASP pro ^^ty" Slu Tyr oln ^^Val Phe His Oly Gln^ 
Oly Olu Oly Thr V^tbr Leu Olu His flJoOl" «l» ^ fjis^^* 

Olu Thr Sis Thr His His Phe Ala Asn Phe Thr Thr Ser Oln Arg Oln 

X220 X225 *««»u 

Gly l-eu Thr Phe Glu Ser Asn Lvs Val Thr Val Thr llf Ser Ser Glu 

^ 1235 1240 1245 

Asp |l^Q<51« »e I«tt liis^ lleo^^'* Ala pro 

Pro^Thr Asp Asp Gin Asn^Ser Glu Gly Asn ^^Ala Ser Ser Thr Asn^ 
Ser Asp Thr Ser ^^^'^^ ^^'^ 

(2) niFORHATZON PQR SEQ ID KOsSi 

Ci.1 SEQDSNCE CHARACTERISTICS s 
^ ' (5) UBNGTHj 3771 base pairs 

(B) TypEs nuolelo aoxd^ 
(C> STRANDSDNBSSi double 
(D) TOPOLOGYs linear 

(11) MaLBGaz.S TZPEs DNA (genomic) 

(ill) HrPOTHETXCAI.s EC 
(iv) AETI-SENSE: EC 

(vi) ORXGINAZ. SOURCE: . . 

* ' (A) ORGANISMS Bacillus thuringiensis 

(C) ZNDIVIDaAL ISCUUlTEs 33£2 

(Vii) lEHEDgOT^SO^^ HM522(I«yC 23X6) B»187B5 
f ixl FEATURE t 

* ' (A) NAME/KEY t misc feature 

I B 1 IdOCATION s 4 • « STT 

(D) OTHER INFORMATION: /functions "oligonucleotide 

>SSdurtS*-GCAf TACA/T TTA AAT GAA GTA/T TAT- 
/standard names "prbbe a* 
/notes "P7obe A" 

(ix) PEATDRE: , • * ^ 

(A) NAME/KEY X misc f eatiure 

<B) LOCATION: 13. .33 . , . . 

(D) OTHER INFORMATION: /function- "oligonucleotide 

SSd2itS*^I^^^T TM OCa/T OTA/T WIT" 
/standard name- "Probe B" 
/lab 1~ p?obe-b 
/notes "probe b" 
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(xt> SEQTIBHCE DESCRIPTIOSt SEQ ID SOjS: 
MGGCTMAC TTAaTOaaGT KOmXXGTG aMTaiaMG XairaiCTTC TMIOCTTTS 

tai^<aan»o MwaacaGa rarawukMT MMaioMG wawMMUi aocmtoswi 
aaaaMCGQC wuuujGaawi caccTTToae mottocm!© cacnarATu 
juaaicaGeac MMTGaoce TTxaiuiTGi& KeoMGGTO raw3ma»Taixwicrra& 

alTCCIOABO TTGQTftCWT QOCCTCTGCa GCaaGIftCTA TTOSa»OXTT aaTTTGOOCI 

MMi«TTTa GftoaasaaMc juufflGcaawi AMaraTrra Mawjcrcwi GCCKaAaw 
oaAGCATTAA TTC»»oaa» TM»acaaac TMsaaoarc caaraaimai mwuu«jptt 

6M»aTCIXe affiOBBCMS raKTCIMMr MaGTMCm TBGATaaOU^ TGaTTAOOTA 
MMCMMA CGCaaCTOGA MUm^TJUUa; TCTATaCTTA CCTCaOMAT CTCCMMTT 

MrccoMsaas GaaarcM^c TC<3afiGTCT& ocraftaiaTC aarGGTrcc Mccwai 
XTMxarEGT aawaMacQc TKoarxua GCMaaaaai TMOcscroae ToaiawMsia 
eMciua« Maamni 

jOMBCBXtct saaMOOftCT TOftcaaaTTT wMacTTias M»Ta»Ai»6 caxajauA 

j^MkGCIUaTT MMOaBMG TM»acaGft& aTOGTTCTTO MJCjaCTTCC TCiaiCGCCA 

«OT«xaTc cafiftTcaraa Tcaaaaacaa. Gaamaano Mimacaafi aacraTTTcr 
TciccaaOT aocaasMac aaccMum ccrciaocic •airoiaccT 

jUJCOaZCIBZ TTCaCl»TCA MGWaiCTT 6iaAftM!Ta0 A&TTTTCIRC MCftaOQGaC 

aacsaiGOTc vxeOiMaxe TrraaCTOGT hxtcgm^ caracxacaA arooociaaT 
ACTCRTCMA caaauxaTGT aGMTTiaoT TMAaaaccc MKCcsawrcc aaaairTca 
jkffliaGCicsT cauumaear Toaufflioas cnaumumc asfcirsKrac 
ueaaMTcar Tanauaacec aAraocGwa Tcrrcrorpr TaonaMTT TaaaoaiG GC 

MTCaU«GGT MGCBTTTGC CCMUSCaCCa JUacaRGGOB OCIGGGaOCa TICTSTTATT 

OMTcxoaiG GToecccaua MQCKaTwiA txmuuscma MiMacrxc TOCaWCTBM 
AcaTTMOAG ATTXCMxaa TODkiaiacT craaaawKtA craaacaar aaawaacaai 
Ttawauaaa muitcmmg cirrcciGoa aaaMMsar aTaicaaaaa TcaaGGeaxc 
KiaaaaaaTT acGGraaacc aoftMaTarr aMeaaocax: aaccaaTia& Tcpooaaaac 
caocaaacar ■EaaTarrcoa aTTTCujBGCT xcaaaaacao crcaaTarac cKWOGoaaa 
osTXKCocca oiMocaaes aacaaaaces Mtnosw raaMaaaca aaaacwwaa 
MecTWumt TOOCiaeiTC acacaacGOT rawsTaacx» GsaaiasTGG ToaaaanaT 
eaxiXKiKsa caaaaGOTic aTMauaair acaeaaccTA accaaacrcT TcaaaTocaa 
caiaarcaia aaaaTCoaar ooiTTiaoaT cGTarTGaar TTBTTc»iaA aaaiTC acCT 
caaaarrcac csKaasarTc acCTccaeaa GTTcaoaaaa caacaaTTar wrraaxaaa 
xcaTCTCcaa caaxaioaTc wcscaacaaa caercasaaai Gccaiaiaca. Traaoaafioa 
TCAxaxacaa ercaGGoaas Traiccacac aaTraarcaA TraairraTT Tcarocrauav 
oacocraaca T^^^-r^n-^^- •caTTCRTSTT aacaaTCGia aiaajoaaiar TOaiaawroeA 
AaacKiTcsa Tacoaaioo orxaaaTTTT aaaaaaaiaa cioccaccaT accaaoTOar 
GcxxGOzaxa oooosacrar aacTTcraro eadraTraa aTCaicaaaaa WTraaaaca 
MaacTocsa aariTBaacr Trciaaaaaa roajaaaaca Tcacaacrca aoiaaaaccr 
nasTCQcaT cjausiocaca aoATacTcic QcaacraaTC ♦raaflToaTTA CTsoarwaa 
caoGTosTiA TGaaaoTcea TGCCixaaxa. GaassaaoiaT mcGaaaafia oaaaaaaeca 
jsaoGsaaar TGCoaaaxca aGcaaaaoor crcaciaaaa laoGaaaacr TcrcaaasGT 
GcraaaTTTTC aeaaraiacT cGcrrooiaT aTOGcaaaao aiciaoTaaa afiaaroocAT 
caTGaKxxBX TTaaaaoTGA wasercTra craccrcooc caacancca socTTCTraT 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
640 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1S60 
1620 
168tf 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
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TTXATOGGZ^ 

TGTTOT6TTC 
AOGATCGATG 
ATCGTCAA&C 



ACVATTTXAG 
A&TCZCCTGC 
GCCCATCaXlk 
AaZQCftACTC 



ABOTOGGATIi 

TTG6TTCTCT 
CaUIC&GGTAT 

T6CTTCCTAC 
TATZAAAAST 
C&08TTTCCA 
AXAACGOTCA 
CAATCTTAOA 
AAACAATTGA 
AAOGAAAABO 
CFCATGATAC 
AAATTGAAGT 
tCAGAASTTTC 
OXATGAAXAO 



ATCAAAACIA 
TOTaGAOCTT 
TOAA6AAOCA 
TATAAATGAA 
6GAAATQGAA 
GGCa^TGZA 
TCAA6TACAA 
CACAGCZATA 
<3AATGCITTCT 
TTTATZAAAA 
AZAZCATSOO 



TTTTAGAACT 
AOATGGZAGA 
AATSOAAOAZ 
TTCCATXACX 
AAATGATTTT 
OCAZATZACT 



ZAAXOZRACSA 



AAACCAAATA 


GAOGZZATAC 


ZATTTCZGC3Z 


2640 


ZZGZCZCTC 


GZZAXGGGGA 


AOAAAZACAA 


2700 




CaZCTGAATC 


ZAAZZCZAOZ 


2760 


ACACTAGCZO 


ATCCACSUrZT 


CZZZAGZZAX 


2820 


GCOAAZCCZO 


6ZAZZGAAZT 


ZG6ZCZC06Z 


2880 


AOZAAZZZA8 


AAAZZCGA0A 


AGAOC38TCCA 


2940 


OGZOGA6GAA 


CTOAXZGGAA 


ACAAAACXAX • 


3000 


AZZGAACCZQ 


ZTCZTAAZGA 


AATZAAZG06 


3060 


ATZCGTZGAA 


AZGZZZCCZA 


ZCAZGAXCZA 


3120 


ACZGAGGAAA 


ZAAAXZGZAA 


ZZAZ«aAXCAT 


3180 


ZZZAXOACAS. 


AZOSZAZAQG 


ABAAGAZQOT 


3240 


GAZCQZGGAT 


ATACACAATZ 


AGAAAGZCS6Z 


3300 


6AXAGA606A 


AZZGGACAAZ 


AGAA6GA6AT 


3360 


OGZaZOZZAC 


GZZZACGAGA 


ZZG6ZCZZCZ 


3420 




AZGAAGAAZA 


CXaKAZZOCZC 


3480 




gAgftl^Q'^^^'^'^ 


CGAAZAZ6ZO 


3540 


ATAAGAXOCSC 


AAAAZAZTCC 


TZZCACZTTT 


3600 


ZGA0AAGATG 


OAQAStTEZZZ 


AAZC6AZCAC 


3660 




AZAZZAZZOA 


AAATZGACCSA 


3720 


GZA0ATAXAC 


GAaOMGZCZ 


C 


3771 



(2) IHFaRMAZIOII FOR SBQ ID BOt6t 



(il> 
(ill) 
(!▼> 

evil) 
(ix) 



rCB CBARAC^BRXSZIGSs^ 
JMQ ZHi 1425 base oalTB 

B) ZYFSs nucleic acld^ 

C) SZRANDBDHBSSs double 
S) ZQFOLOGys llxiear 

KOLBCDLB ZZES: DNA (gaaomlo) 

HnozHEZxcAiis no 

ANZI-SBNSES no 

ORZOZKAIi SOURCSESs 

(A) OSraOfZSMt BACn^TO ZHDRINGIENSZS 
(C) ZNDIVIDXI&L ZSOL&ZBi PS52A1 

<B) mSfi? BVcoli BM522(pM7C 2321) B-18770 



FBAZOREs 



NAME/KEY 1 mat peptide 
LOCAZ IOK* 1. .1:421 
OZHER ZNFOBUAZXONt 
MAZOBE FROZBIN" 



/pcoduo^ "OnS BBAOIHO FRAMB OF 



(Kl) SEQUEHCB DBSCRZPZZOII: 
AZOAZZAZZG AZA6ZAAAAC GACZZZACCZ 
AAZZCZAAZA AflAAAXAZGG ZOGZGGZQAZ 
AAACAASAAZ 6G6CXAOGAZ ZGGAGGAXAZ 
GAAGAAGAAZ ZAAOAACACA TOTZAAZZZA 
ZCZCAAZZAZ AZGAZGZZZA ZZGZZCTOAZ 
ZZAXAZOCZZ ZAAZZAZZAA AZCZGCZAAZ 
QGZQAZOCZZ CZAZZAAOAA AfiAZGGAZAZ 
AZZGZZGAZA AZAAZZOOQA ZQAXOAZOGA 
CSOAZaZGGZA ZZZZAAZZAA J^GAAOCZAAA 



ID NOs6s 
AOACAZZCSkC 
AXOACZAAZ6 



AiGZCAGGAZA 
AAAAGZZCSA6 



ZZZAAAAAAZ 

aikZAGCZAAAO 
CAAZATOAAG 



ZZAZZCaZAC 
GAAAZCAAZZ 
QAZZaOOZZZ 
ZAZGAAZACC 
GAOAAZGGZa 
( ^TAT GGZZZ 
ZGCAA8AIGA 
CT AT T A AA ^rA 
AAGCZGCAAA 



AACTAAAZZA 
ZAZZAZZZCA 
AOCA0ZAAAZ 
ZASZOAZZZZ 
GAAZAAAAAZ 
ZAAAGZZGCZ 
AZ THMI^I ^TAAZ 
ZZZZAAAOOG 
AAAZAZZGZA 



60 
120 
180 
240 
300 
360 
420 
480 
540 
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AGATCXTTAG ATCa&TTTTT 
GZkAftA&CGTT TAAAAGAAGT 
GCTC&TAAAG AGTZSlTTAOA 

ATAGGMTOT XAAASAGTAT 
GGAATSAAAG TXTTCCAAA& 

ATSORaCXTG A60AC6CTTC 
ACACTA2UIT6 CMATTCaAC 
TCATOTAATT GSTGAACAAC 
ftTff^ffHT cgiA ATCJkATftTAT 
TTAXCAAGAA AXAGXAATTT 
gjAXAAXAAXT GGK3ATXGGZA 



38 

ACATCGTOAr CAGAAAAAAT TAfiAACGTCT TATCAATATO 
TCAAACAGCT CTTAATCAAG CCCATGOGCA AASTAOTCCA 
AAAAfiTAAAA AATTTAAAAA CAACAJCTAfiA AACGACTAM 
Q^A^Aj^AOTA GAAaMAOOT TTCTATTAGG ACCATTOTTA 
TCTTQAAAAT ACTGCTGCTC AGCaTATAAA AAATCAAATT 
ACATTCTGCX CAGCATGATT TCGATAGAGA TOTTAAAATT 
TAATACAGAT ATTGATAATT TATA15AGTCA AGGACAAfiAA 
STTACAAGffiT ATTTOGGCEA CTATTGGAQC OXaAATAGAA 
jUa^aS&AGTT CakAGATTCTG ATQAJTGCTGA TOAGATACAA 
TOaiGCTTCG TTAGrrGTGG CTCAA6AAGC TOGTOATTTT 
TAATAGTAGA C5AAAATTTAC C6ATTAATCSST XAaaTCAMT 
AAASATGACA TCAAATCAAT ACAGZAATOC AACAACAAAT 
OASnCACQIT OAAXATACAA GTMACCAAA TAATTTTATO 
MAATATAAA TOTCCIGAAA ATAATTTTAT GATATATTGG 
SAAXAATTOG GATSGGXAXA AXAAT 



(2} IMMBMATIOK PGR SBQ ID Hdi7 (PS52A1) J 

i4\ SECHTBNCS CHARACTERISTICS x 
li, "^^^^gjjQ^. amino aolds 

(bS TTFEt amino aold 

IC) STRANDEDNESSs single 

(O) TDFOLOGYs linear 

(11) 1B3CBCIICE TYPBs protein 

(iii) HSFOTBBTICALx TBS 

(iv) AMTI-SENSEs NO 

{c| XHD^ZraU. ISaZATBt PS52&1 
(Vlt) MO^Bsf^^l HM522(piaC 2321> B-X8770 



(ix) SSATUREs 

LOGAZIONt 1..475 



E&70RE * 

(A) HAMB/KEY« Protein 
iBj 



600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1425 



(Xi) SBQOENCE DBSCRIPTIOMt SEQ ID HOt7s 



Met lie 
1 


He 


Asp 


Ser 
5 


Tbr lie 


Lys 


X>eu 
20 


Asn 


Asn Gly 


Aen 

35 


Oln 


Pbe 


AlaTgr 


lie 


Gin 


Tbr 


Arg Tbr 
65 


His 


Val 


Asn 


Ser Gin 


lieu 


Tyr 


Asp 
85 


Trp Asn 


Lye 


Asn 
100 


Leu 


Ala Ser 




Gly 


Phe 


Glygr 


Ph 


Lys 


Lys 


Asn ser 


Asp 


Asp 


Asp 



Lys 


Thr 


Thr 


Leu 


Pro Arg 
10 


His 


ser Leu He His 

15 


Ser 


Asn 


Lys 




Tyr Gly 


Pro 


Gly Asp Hat Thr 
^ 30 


lie 


lie 


ser 
40 


Lys 


Gin Glu 


Trp 


Ala Thr He Oly 
45 


Oly 


Leo 
55 


Gly 


Lea 


Pro Val 


Asn 
60 


Glu Gin Gin Lea 


IfSU 

70 


Ser 


Gin 


Asp 


IXaSar 


He 


Pro Ser A^ Fhe 
80 


Val 


Tyr 


Cya 


ser 


Asp Lye 
90 


Thr 


Ser Ala Glu Trp 

95 


Tyr 


Pro 


Leu 


He 
105 


He Lys 


Ser 


Ala Asn Asp He 
110 


Lys 


Val 


Ala 
120 


Gly 


Asp Pro 


ser 


He Lys Lys Asp 
125 


Lea 


Gin 
135 


Asp 


lu 


Leu Asp 


Asn 
140 


He Val Asp Asn 


Ala 
150 


He 


Ala 


Lys 


Ala He 
155 


Lys 


Asp Phe Lys Ala 
loO 
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Arg Cys ly ixe iieu 




Olu Ala 


Lys In 
170 


Tyr 


lu 


Glu 


Ala 
175 


Ala 


Lys Aen lie VaX Tnr 
160 


ser x<eu 


185 




Bis 


Glv 


Asp 
190 


Gin 


Lys 


Lys XiBu 61u Gly Val 


xie Asn 


200 




I<eu 


Lys 
205 


Glu 


Val 


Gin 


Tfar Ala Leu Aen 61a 
210 


Aia XUB 

215 




Ser Ser 


Pro 
220 


AlA 


His 


Lys 


Glu 


Leu Leu Gltt Lys Val 
225 


Lys Asn 
230 


Leu Lys 


Thr Thr 
235 


Leu 


GIU 


liar j-M 

Arg 


Thr 


A Am 

240 


Lys jaa Gin Gin ^| 


Leu Glu 


Lys Lys 


VOJ. wXl* 

250 


xyr 




Phe 


Leu 
255 


Leu 


Gly Pro Leu Leu Gly 
260 


Phe val 


Val Tyr 

255 


Glu He 


Leu 


QIU 


Asn 
270 




£1 1 tl 


Val Gin His lie Lys 
275 


Asn Gin 


He Asp 
280 


Glu He 


Lys 


Lys 
2B5 


Gin 


Leu 


Asp 


Ser Ala Gin Bis Asp 
290 




Arg Asp 


Val Lys 


He 
300 


Zle 


Gly 


Met 


Leu 


Agn Ser lie Ann Zhr 


Asp Zle 

310 


Asp Asn 


Leu Tjr 


Ser 


Gin 


Gly 


Gin 


Glu 
320 


Ala He Lys Val Phe 

32fi 


Gin Lys 


Ziou Gin 


Ml mm A 

oiy xxe 
330 


Trp 






Tie 
335 


eiv 


Ala Gin He Glu Asn 
340 


Leu Arg 


Thr Thr 
345 


Ser Leu 


Gin 


Glu 


val 
350 


Gin 


ASp 


Ser Asp Asg Ala Asp 


Glu Zle 


Gin He 

360 


Glu Leu 


Glu 


Asp 
365 


Ala 


ser 


ASp 


Ala Trg Leu Val Val 


Ala Gin 

375 


Glu Ala 


Tt 1 II r» Ik MM 

Arg Asp 


380 


xmr 






Ala 


Tyr Ser 9hr Asn ser 
BBS 


aro vxn 
390 


AS XI lieu 


-Dv-n TV A 

XTfW XXV3 

395 


Asn 


Val 


He 


Ser 


Asp 
400 


Ser Cys Asn Ser 

409 


Thr Thr 


Asn net 


Tnr ser 
410 


Asn 




*y*^ 


Ser 
415 


Affp 


Pro Thr Thr Asn Met 
420 


Thr Ser 


Asn Gin 
425 


Tyr Met 


Zle 


ser 


Bis 
430 


Glu 


Tyr 


Thr ser Leu Pro Asn 
435 


Asn Phe 


Met Leu 
440 


Ser Arg 


Asn 


Ser 
445 


Asn 


Leu 


Glu 


Tyr Lys Cys Pro Glu 
450 


Asn Asn 
455 


Phe net 


Zle Tyr 


Trp 
460 


«yr 


Asn 


Asn 


Ser 


As^ Trp Tyr Asn Asn 


Ser Asp 
470 


Trp Tyr 


Asn Asn 
475 













(2) ZHFOiQCArZOT FOR SBQ ZD HOtSs 

(1) SEQinSNCE CmRACmtZSTZCSt ^ 
. ' 7S) LBNGTHj 1185 base pairs 
(B) TlfPEs nucleic acid; 



C) STRABDEDNSSSs double 

D) TGPOLOGY: linear 

(i±) KOLSCDLS TTPBs DBA (genomic) 
(ill) HYPOTHBTZCSkLs BO 
(iv) ABTZ--SBBSBI BO 

(vi) ORIGINAL SOURCBl^^ «™„^«^^««ro« 

(A> QRGZ^ISMs BACILLUS TBURIRGIBBSZS 
(C) IBDIVZDDAL ISOLATE I PS69D1 

(vil) IHgf gggsf S!°iili lIM522<pMrC2317) HHRL B-18816 
(B) LOCATZCBIs 1* .1185 
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(Xi) SBgpBHCE DBSCRlPTIOIIs SBQ ID KOtS: 

ATOETTTTM GCAMGGIUUl QMSTTCRCCA AaGCaTMaA GaiOaOCTCA •EMTTTTGCA 

AcacafiaMT ciicaocaM oftMGacBBT ocTcraaGac casafiGGaaJr coroacaaaA 

GftcGGraTA «a3!CTCIWk CGMGaMGO OCMTTOWSC MOOCSMOT QACSBCafiGC 

ACTGozraftc CTMCMwa csMOBaaTC coTafiacMO ttgggmacc Mxaoscaa-r 

CaaATTOCIG MGIOT-ITOA TC2WOTai3!ft!r JUUSGOTTBTa MGMOMAa A CftgggAI OC 
AGTTGOTGGA MSOXraCTT OTTTCCBim CTTCTTWU^ CRfiCEaMGA 1MTTOC30CT 
XMOGama MMTOCTGG MMGOTGCC JUaaaaMAT mXQMGQT mCMffBC 

GUCTGcaGG oGOGTTGOaA AMCOTMO? MGcaGGcre ATcaaKwaA AeCTOCafiOG 

GUaiiT»m CMkMCATTI AMCMMTT CTTaaafiGCG GTCaMMTO MMOOCMT 
GMOTTMTO GCGTftfiMGC TOWCftHGm CMC3MCAC MGaMUUUa laMCTWlM 

G6CSCC&SMO Gooacaaaaa cccwuaacM? oaaeaffiraac laAaaAAMT Aduxaccrc 

TCGMOCTCC tCMTMBflCR CaS&aTGaAI OaMftMfiftA MTOMMSEG 
MTTlTOCTr IMGaOCaTT ACTIGCMTI GTTGIMMG MftTClTOGA GCttaCTGOG 

GTCMMGTH TBcacaMaA MMGAfiook cjacaaficcG MCTXGacac TCcaaarGai 

GMCTOGWa G!WSB3^^ TCMailJGaC 
AMBXGTnO AGO^AGGTCa GCft&GCICEr GTafGIMTXa GWUUkaTTGC AGGCaTTTGG 

juiiGri3km& GTOffoaaaax cGocaaTcra coMMacar caMaaaacA G a TOG aa a a a 
oaaaaxGaxG aaarocaCT GTaaaacTGac cetogtobtc cxsGCCGGXca aTCGaaa«o 
MayBoooaGG aflGcacaaM c«^^ 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1185 



(2) moBtfarxoH tor seq id hos9s 

lL\ SRQOKHCE CSaRaCTKRISTICSl 
^ ' {£) iWGfmt 395 amino ao 

(BS TYWBz mmtao acid 

Ic) STRaMDEDiiESSs Blngle 

(D) TOBOUOKSXt lin e a r 

(ii) MQMCmS RPSs protein 
(111) BZFOXBKTIGaiiS TBS 
(Iv) aHTX-SBHSBs NO 

<7^> ^t^'^iS^BaCttLIIS TBimraQXBHSlS 

Ic) ^iv^ax. isofLazEi pa69Di 

(vli) XKHTO^g^flOra Hl€522(BlffC2317) HRBL B-1S816 

""^"SME/KEYt Protein 
(B) LO^XONt 1..395 

(Xl) 68Q0BIKX OBSGRXPTIONs 8EQ ID NOs9s 

Itet He lieu Gly asn Gly Lya Thr Lea fro lya His He arg Leu ala 
X 5 

HlB Ho PHe Jaa Thr Gin aen ser ser Ala Lya Lya Aiq? Agn Pro Leu 
20 

Oly Bw> 61u Oly Met val Tiir ijs aap 61y Phe lie lie Ser lye Glu 

61u Trp Ala MM val Cln aia «yr val «hr imr Cly «ir Oly I«» Pro 

lie Asn asp Asp Glu Met arg arg Hi. Val Oly I«i Pro Ser *rg II 

Qln lie Pro Asp Asp Phe Asn Gin Iau Tjrr Lye Val lyr Asa ^lu Aep 
85 
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If70 


His 


Leu 


eye 
100 


ser 


Trp 


Trp 


Asn ly Phe 
105 


Leu Phe Pro X<eu vai i^eu 
110 


I«y8 


Thr 


Ala 
115 


Asn 


Asp 


He 


Ser 


Ala Tyr Gly 
120 


Pne Lys cys ax a %»xy xsyo 
125 


Oly 


Ala 
130 


Thr 


Lye 


Gly 


Tyr 




Glu Val Met 


Gin Asg Asp Val Glu Asn 


He 
145 


Ser 


Asp 


Asn 


Gly 




Asp 


Lys val Ala 


Gin Glu Lys Ala Bis Lys 
155 160 


Aflp 


I.eu 


Ola 


Ala 


Arg 
165 




Lys 


He Leu Zle 
170 


Ziys oxu ikxa asp xyv 
175 


Lya 


Ala 


Ala 


Ala 
180 


Asp 


Asp 


Val 


Ser Lys His 

IBS 


Leu Asn Thr Phe Leu Lys 
190 


61y 


Gly 


Gin 
195 


Asp 


ser 


Aap 


Gly 


Asn Asp Val 

200 


He Gly Val Glu Ala Val 
205 


Gin 


val 
210 


Gin 


Leu 


Ala 


Gin 


Val 
215 


Lys Asp Asn 


Leu ^^1^ Gly Leu Tyr oxy 


Asp 

225 


Lya 


Bmr 


Pro 


Arg 


His 
230 


Glu 


Glu Leu Leu 


L^s Lys Val Asp Asp Lm 


Lys 


Ziys 


Glu 


Leu 


Glu 
245 


Ala 


Ala 


11. lys ^ 


Glu Asn Glu Leu Olu Lys 

255 


Lys 


val 


Lys 


260 


Ser 


Phe 


Ala 


Leu Gly Pro 
265 


Leu Leu Oly Phe Val Val 
270 


Tyr 


Glu 


He 
275 


Leu 


Glu 


Leu 


Thr 


Ala Val Lys 
280 


Ser He His Lys Lys Val 
285 


61u 


Ala 

290 


I>eu 


Gin 


Ala 


Glu 


Leu 
295 


Asp Thr Ala 


Asn Asg Glu Leu Asp Arg 


2iBp 
305 


Val 


lays 


He 


Leu 


Gly 
310 


Met 


Met Asn Ser 


He Asp Thr Asp He Asp 

315 320 


lien 


Het 


Xiea 


Glu 


Gin 
325 


Gly 


Glu 


Gin Ala Leu 
330 


Val Val Phe Arg Lys He 
335 


jaa 


Gly 


He 


Txu 
340 


Ser 


Val 


He 


Ser Leu Asn 
345 


He Gly Aan Leu Arg Glu 
350 


Thr 


Ser 


Xieu 
355 


Lys 


Glu 


He 


Gin 


Glu Glu Asn 
360 


Asp Asp Ala Leu Tyr 


Zle 


Glu 
370 




Gly 


Asp 


Ala 


Ala 
375 


Oly Gin Trp 


Lys Glu He Ala olu olu 
' 380 


Ala 
385 


Gin 


8er 


Phe 


Val 


Leu 
390 


Asn 


Ala Tyr Thr 


Pro 
395 



(2) ZBFOERZIATXON VOR SEQ XD HOslOt 

(1) SBQUEHCE CHBRACTERXSTICSt 
'A) LENGTHS 22 bases 
B I TTPBs nucleic acid 
C STRAHDEDNESSt single 
D) TOPOLOOY2 lix&ear 

(ii) HOLECOLS TTPEt DNA (synlihetio) 

(xi) SEQUENCE DESCRIPTZOHt 6BQ XD NOslO: 
AGARTRKSm? AATGGHGGKM AH 

(2) ZNFOXttlATION FOR SEQ XD NOdls 



(1) SEQDENCE CHARACTERISTICS s 
^ (A) LENGTRt 8 amino acids 
(B) TYPES amino acid 



C> STRAMDEDMBSSx single 
D) TOPOLOGY I lixiear 

(ii) KOLBCOLE TYPES protein 

(xi) SE0JSNCB DESCRZPTZONs SEQ XD NOslls 

Pro Thr Phe Asp Pro Asp Leu Tyr 

1 5 
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(2) mFaRMMCicm for seq id nosUs 

ILS SBQ0BNCE CHaRACTEiaSTlCS} 
* /A) tBNGTHj 14 amino acxds 

(B> TYPEi axolno acid 

/C) STRAMDEDNESSS single 

(D) TOPOLOGYs linear 

(il) HOIBCniS 3prot:ein 

(Jtl) SBC2tIBKG3B OBSCRJPTZC»r9 SEQ ZD BOil2« 

aia Ho l«u Asn Glu lOT Tyr Pro Ser Val Pro lyr Ma Val 

1 5 

(2) ZNFORK&TXCBf POEl SEQ ZD NOxl3t 

tL\ SEQUENCE CHRRACTERISTlCSf 

(A) I^SIHx 14 amino acidB 



A l^OTHx 14 amino ac 

!B> TSTPEs amino acid 
C) SSRANDEDllESSt single 
D) TOPOLOOXs linear 



(il) muscava tzpe« protein 

(Xi) SEQUBHCE DBSCRXPTIOH: SEQ ID NOil3r 

Kla lie lieu Ann Glu Tyr Pro Ser Val Pro Tyr Asn Val 
1 5 J-O 

(2) ZMPamOSZCSN tor seq ZD IR>sl4t 

#i> SEQUENCE CHABACCERZSTXCSt 

(A) ZiENGTHs 17 amino acids 

(B) TTPSx amino acid 

>CS SgRaHDSDHESSi single 
(D) TOPOU)C3Yt linear 

(ii) HDUSCDIfi SZPSt protein 

(Xi) SEQDBHCE DESCRIPTION t SEQ ID NOll4s 

Het lie lie Asp Ser iye Thr Thr I«u Pro Arg His ser I«u lie Asn 
1 5 lO 

Thr 

(2) ZMFORMATiaN FOR SEQ ID NO:15x 

fi) SEQUENCE GETUlACZBRISTICSz 
^ ' CA) i;eN6XH: 24 amino acids 
!rYFBs amino acid , 
STRANDBDNBSSt single 

TOPOLOGYt linear * 
(ii) HDLECOI^ TYPES protein 
(xi) * SEQUENCE DESCRZPTZONs SEQ ID NOslSs 

iset lie Z.ett Gly Asn Oly Lys Thr I«i Pro lys His lie Arg ^ Ala 
1 5 lu 

yritt He Phe Ala OAir Gin Asn Ser 
20 

(2> XNFOBHATION FOR SEQ ID NOslSs 

(i) SEQUENCE CHaRACTERISTZCSr 
7a) LENGTH: 23 bases 

(B) TIPE: nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGZ: linear 

(ii) HOZ£CUI£ TIPEs DNA (synthetic) 

(xi) SEQUENCE DESCRXPTZONs SEQ ZD NOslSs 

23 

GCAAITTTAA ATGAATX&XA TCC 

(2) INFQRHATZQN FOR SEQ ZD NOsl7s 

(i) SEQUENCE CBARACISRISTICSz 

(A) IiENGTHs 56 bases 

(B) TYPES nuclear acid 
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(C) STRANDEOmsSs siligXe 

(D) TOPOLOGY t llmar 

(11) MOLECOUB TTPEi DNA (synthetic) 
(xl) BBQaENCE HEBCBXVTXCOSs 8BQ 10 NOil7s 
ATGATTATTO ATTCTAAAAC AACATTACCA AOACATTCBTT TAAIWAAZAC WATWAA 56 

(2) XNFORMATION TOR SEQ H) HOsl6s 

(1) SEQUENCE GH&RACIBRISTZC8: 

(A) LENGTHS 38 baeoe 

(B) TYPE: nucleic acU 

(C) fiTRANDSDKESS: elnglo 

(D) TOPOIiOGy: linear 

(11) MfLECOLB OmBx SHA (synthetic) 
(xl) SBQOSNCS DESCSRZFTIQNt 8BQ ID NOllBl 
AAACaXAXTA GASXAj6C!&CA TATVTTXGGA AGACAAAA 38 

(2) mVOBKaXZON TOR SBQ XD HOfl9s 

(1) SEQIJENCE CHABACZEftZSTICS: 

(A) LBNtSTHi 17 bases^^ 

(B) TYPE J nucleic acid 

(C) STRANDEDNESS: single 

(D> TOPOLOQYs linear 
(11) HDLBCDLB TYPE: DBA (synthetic) 

(xl) SBQfllENCE DBSCRIP7IOBI SEQ XD BO: 19 s 
GAAYTftChAO diCAACC 1*7 

(2) ZBFQRMATIOB PGR SEQ ZD BOs20s 

(1) SBQaEBGB CBABACraRXSTZCSs 
^ (A) tJBMOTHs 23 bases 

(B) TYPES nucleic acld^ 

(C) STRABDEDNE8S8 slxigle 

(D) TOPQLOOYS linear 

(11) UOLBCDLS TYPBt DBA (synthetic) 

(xl) SBQUBNGB DESCRXPTIONs SBQ ZD BOs20s 
AGGAACAAAY XCAAXHCQBT CXA 23 

1 

(2) ZBFQRMAnOR F» BBQ ZD BOs21s 

(1) ISE^IENCB CBAIIACTERZSTICSt 

(A) LBNQTBl 23 iMlSes. 

(B) TYPES nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGYs linear 

(11) MOLBCDLB TYPBt DBA (synthetic) 

(xl) SEQUENCE DESGRZPTZOBs SBQ ZD NOs21t 
TGGAAXAAAT TCAASTYKRT CHA 23 

(2) ZBFORHATZOH FOR SBQ ZD BOc22t 

(1) 8BQUBHCB GHARACTERXSTZCS s 
(A) LENGTB: 28 bases. 
{B} TYPBt nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGYs linear 

(11) Hai;BCDZ£ TYPE: DBA (synthetic) 

(xl) SEQUENCE DESCRXPTIONs SEQ ZD NOt22l 
TGATTTTmS CAATTATATR AKGTTTAT 28 
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(2) XMKRMaTXON TOR SEQ ID HO: 23: 

* ' (S) laKGOT: 20 bases 

/B I OOTBs ntKJLeic acid 
IC STRANDBDHESSs singXe 
(D) TOPOLOGYs Ixnear 

(11) lOXCBcaLB Tns: Dim (synthetio) 

(xl) SEQaSNCB DESCBZPTIONs SBQ ZD NO: 23 s 

20 

(2) INFORU&XZON FOR SBQ ZD HOi24t 

rl) SEQUENCE GBARACTBRXSTZCS: 

* ' (A) IBNGKCHs 35 bases 

?b( TYBBs nacleio acid 

(C) STBMIDBDBBSfS Singls 

(D) TOFOLOGYs linear 

(11) IfidLBCDUB nPEs DNA (syntbetlc) 

(xl) SSQDENCB DBSGRZFCXORs SBQ ZD Ii0s24s 
SXaOGBCCAS THYOTGCailT TGTTGTnmX G&AAT 

(2) ZMFQRHftSZCHSr WSi SEQ ZD NOs25s 

rl) SEQUENCE CSARAC^RXSTXCSS 
X£HGffli 27 bases, , 
TnSs nucleic acid 
STRaNDBDNBSSs single 
zoFOLoasrs linear 

(11) KaLBCQZS SKRs DNA (eynbhetlc) 
(Xl) SEQOBHCB DBSGRZPZZCns SBQ ZD NOs25: 

(2) ZNFORKKTZON BOR SEQ ZD NOs26s 

ID SEQUENCE CH2UIACTBRXSTXCS: 

(A) laaKSEHi 23 bases 
CB) TZPBi nnclelo acid 
(c) scRaNDBDNBSSt single 
(D) SOFOiLOGnrs linear 

(11) UOLBCOLE KFEs DKA (eynbbetlc) 

(xl) SBQiraiCB DESCRZmaNs SEQ ZD R0826t 
nHTSAAaHC TOCTftRTGAT ATT 

(2) ZNFCSaSATZON FOR SBQ ZD NOx273 

fl> SEQUENCE CBARACTERXSTXCS: , 

fA) IiENffiEHs 1425 base jpalrs 
}B) TYPE: nucleic acldr 

(C) STRANDEDNESSs double 

(D) TOFOLOSXt linear 

(U) HCXmCOLE TZFEs DBA (g enomic ) 
(111) H£FOTBETXCAI>: BO 
(Iv) ANTX-SENSBs NO 

|ci ^a^TXSOKL ISatAXBt PS86ia 
(vii) IHMf^f^^iSii HHS22(ffl0rCX63a) NRBL B-18751 

(Ix) FEATURE: . _ . 

* ' (A) KAME/KEZs mat_peptlde 

(B) LOCATXWs 1..7425 
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<Xl) SBQUENCE DSSCRXPTXON: SEQ ID NO:27: 

aaearraTTG ATAOTAAaAC gactttacct aoacattcac ttattcatac aattaaatta 60 

AATTCTAATA AGAAAXATCO TCCTOOTOAT ATOACXAATG OAAATCMiTT TXmSWCtk 120 

AAACAAOMT GGGCrAGOAX TOGAQCATAT ATTCAOACTO GATTASOTTT AOCMXAAftZ 180 

GAAGAACAAT TAAGAAGAC& OJOTTAMTTA AGTCAGOATA TATCAMaCC TAGTOATXTT 240 

TCTCAATIAT ATGAT6TTTA TTQTTCTGAT AAAAGTTGAO GAOAIgraOTG ^A^^Aj^AT 300 

tStM^OT MkMSTTaS ATCTGCTAAT GATATT6OTE CAXaTGOTCT XAABGTTCCT 360 

GGTOATCCra CraTTAAOAA AGATG5GM31T TTTAAAAaAT TCCAAOMWA ATTAOMAAT 420 

ATTGTTOATA ATAAaPTCCGA TCATGATGCA ATAGCTAAAfi CTATTAAAflA TTTTAAAOOO 480 

COATaTOGTA TTTTAATTAA AGAAfiCTAAA CAA!EATGMG AAfiCTCCAAA MMXKtmh 540 

ACAICTTEAG ATCaMTTTX ACaa?GOTOM CaGMAMAT TAGAAGOTGT TATCAAaSATT 600 

CAAAAA06W TAAAAOAAGT TCSkAACSWlCT CTTAATCAAO CCCA9GGGGA AAGTAOTCCA 660 

GCTCATAAAO AGTTATTAflA AAAAOTAAAA AATTTAAAAA CAACATTAGA AA6GACTATT 720 

AAAGCT^kAC AAGATTTAGA GAAZ^AAAOTA GAATAIAGTr TTCaaVUTAGG ACGASTGTZA 780 

OGATTTOTTG TTXA9SAAAX TCTTGAAAAT ACTGCXGTTC AGGATATAAA AAAXGAAATT 840 

GAIQAGAXAA AGAAACAATT AGATTCTaCT CA6GATGAXT TGGAXAGAGA TQTTAAAATT 900 

ATA6GAATGT TAAATAQTAT TAATACA6AT ATT6ATAATT TATATAGTC31 AGGACAAGAA 960 

GCAATTAAA6 TTTTCCAAAA 6TTACAAGGT ATTTG6GCTA CRCATTGGAGC TCAAASaGAA 1020 

AATCTTAGAA CAACGTOGTT ACAACAA6W CAACAT5PCSTC ATOAJTOCMA TGAOATACAA 1080 

AXTCAACTT6 AGGAOGCnC TCATGCTTGG TOAGTTGTGO CTCAAGAAGC TCOTGATTTT 1140 

ACACSAAATG CTTATTCAAC TAATAGTAGA CaAAATTTAC CGATTAA!IGT TATA3PCAGAT 1200 

TCATGTAATT 6TTCAACAAC AAATATGACA TCAAATCAAT ACAGXAATOC AACSIACAAAT 1260 

AIGACATCAA ATCAAOIAKAT GATTTCAC5AT GAATAZACAA GTTTACCAAA raATTMATO 1320 

TTATGAAGAA A!CAGTAATTT AGAATAJTAAA TCTCCTGAAA ATAATTTTAT GASAXATTaO 1380 

TATAAaaATT COGATTGOTA TAATAATOOG 6ATTGG1ATA ASEAAT 1425 

(2) mFORHAnON TOR SEQ ZD NOt28s 

11) SEOTENCE CBAIUfiCTBRXSTZCS: 

TaT IiENGTHs 475 amino acids 



B) TYPES amino acid , 

C) STSAHDEDMSSSs single 
O) TGBOIMYi linear 

(ii)'HQUCl]LE TYPES ^rateLn 

(iii) HYPOTHBTICALs YES 

(iv) ANTI-SENSE: NO 

(C) INDIVIDIIAL ISOLAXBs PS86A1 

I««f gSB?°B^4li miS22(piIICa638) NBRL B-18751 

(ix) PKATOBEs ■ , ^ . 
* ' (A) NAME/KEYS Protein 
(B) LOCSATZONs 1« .475 

(xi) SEQUENCE DESCRXPTION: SEQ ID NOs28: 

Met lie lie Asp |er Xys THr Thr Leu Pro Arg His Ser Leu lie His 

Thr lie Lys Leu Asn Ser Asn Lys Lys Tyr Gly Pro Gly Asp Met Thr 
20 2B 30 

Asn Gly Asn Gin Phe lie II Ser Lys In Glu Trp Ala Thr lie Gly 
35 40 
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Ala 


SO 


He 


In 


Thr 


Gly 


Leu 


ly 


Leu 


Pro 


Val 


Asn 
60 


Glu 


Gin 


Gin 


Leu 




Thr 


His 


Val 


Asn 


Leu 
70 


ser 


Gin 


Asp 


Xle 


ser 
75 


Xle 


Pro 


Ser 


Asp 


Phe 
SO 


8er 


Gin 


Leu 


Tyr 


Asp 
oa 


Val 


Tyr 


pys 


ser 


Asp 
90 


Lys 


Thr 


fier 


Ala 


Glu 
95 


Trp 


Trp 


Aan 


Itye 


Asn 


Leu 


Tyr 


Pro 


Leu 


Xle 
105 


Xle 


i.yB 


ser 


Ala 


Asn 
110 


Asp 


Xle 


Ala 


Ser 




Gly 


Phe 


Lys 


Val 


Ala 
120 


Gly 


Asp 


Pro 


ser 


Xle 

125 


Lys 


Lys 


Asp 


Gly 


13u 


Pbe 


Lys 


Lys 


Leu 


Gin 
135 

*9«* 


Asp 


Glu 


Leu 


Asp 


Asn 
140 


Xle 


Val 


Asp 


Asn 


Asn 
145 


Ser 


Asp 


Asp 


Asp 


Ala 
150 


Xle 


Ala 


Lys 


Ala 


Xle 


Lys 


Asp 


Phe 


Lys 


160 


Arg 


Cya 


Gly 


Xle 


Leu 
165 


Xle 


Lye 


Glu 


Ala 


1^ 


Gin 


Tyr 


Gin 


Glu 


Ala 

175 


Ala 


liys 


Asn 


Xle 


Val 
180 


Thr 


Ser 


Leu 


Asp 


Gin 


Phe 


Leu 


Bis 


Gly 




Gin 


Lys 


Lye 


I<eu 


Glu 
195 


Gly 


Val 


Xle 


Aan 


lie 


Gin 


Lys 


Arg 


Leu 




Glu 


Val 


Gin 


Thr 


Ala 
210 


Lea 


Asn 


Gin 


Ala 


His 


Gly 


Glu 


ser 


ser 


Pro 
220 


Ala 


His 


Lys 


Glu 


lieu 
225 

Itys 


I.eu 


Glu 


Lys 


Val 


Lys 


Asn 


Leu 


Lys 


Thr 


Thr 
235 


Leu 


Glu 


Arg 


Thr 


Xle 
240 


Ala 


Glu 


Gin 


245 


Leu 


Glu 


Lys 


Lys 


val 

OCA 


Glu 


Tyr 


Ser 


Phe 


Leu 
255 


Leu 


Gly 


Pro 


liSU 


IfCfU 

260 


Gly 


Phe 


Val 


Val 


265 


Glu 


Xle 


Leu 


Glu 


Asn 

• /M 


Thr 


Ala 


Val 


Gin 


His 
275 


Xle 


Lys 


Asn 


Gin 


Xle 


Asp 


Glu 


Xle 


Lys 


Lys 
2B5 


Gin 


Leu 


Asp 


Ser 


Ala 


Gin 


His 


Asp 


Leu 


29§ 


Arg 


Asp 


val 


Lys 


Xle 
300 


Xle 


oly 


Met 


Leu 


Asn 


Ser 


Xle 


Asn 


Thr 


3lB 


Xle 


Asp 


Asn 


Leu 


IS 


Ser 


om 


Gly 


Gin 


Glu 
320 


Ala 


Xle 


Lys 


Val 


Phe 


Gin 


Lys 


Leu 


Gin 


Gly 
330 


Xle 


Trp 


Ala 


Thr 


Xle 
335 


Gly 


Ala 


Gin 


zle 


Glu 
340 


Asn 


Leu 


Arg 


Thr 


Thr 
345 


Ser 


Leu 


Gin 


Glu 


Val 
350 


Gin 


Asp 


Ser 


Asp 


Asp 

355 


Ala 


Asp 


Glu 


Xle 


cm 

360 


Xle 


Glu 


Leu 


Glu 


Asp 
365 


Ala 


Ser 


Asp 


Ala 


Trp 


Leu 


Val 


Val 


Ala 


Gin 
375 


Glu 


Ala 


Arg 


Asp 


Phe 
360 


Thr 


Leu 


Aan 


Ala 


Tvr 


fier 


Thr Asn 


Ser 


39? 


Gin 


Asn 


Leu 


Pro 


Xle 
395 


Asn 


Val 


Xle 


Ser 


Asp 
400 


Ser 


cys 


Aan eye 


Ser 
405 


Thr 


Thr 


Asn 


Met 


Thr 
410 


Ser 


Asn 


Gin 


Tyr 


Ser 
415 


Asn 


Pro 


Thr 


Thr 


Asn 
420 


fSBt 


Thr 


ser 


Asn 


Gin 
425 


Tyr 




Xle 


Ser 


His 
430 


Glu 


Tyr 


Thr 


ser 


Leu 
435 


Pro 


Aan 


Asn 


Phe 


Met 
440 


Leu 


fier 


Arg 


Aan 


ser 
445 


Asn 


Leu 


Glu 


Tyr 


Lys 
450 


Cys Pro 


Glu 


Asn 


Asn 
455 


Phe 


Met 


Xle 


Tyr 


46^ 


Tyr 


Asn 


Asn 


ser 


ABP 
465 


Trp 


Tyr Asn 


Asn 


Ser 
470 


Asp 


Trp 


Tjrr 


Asn 


Asn 
475 













(2) XMFOBHarXC^ FOR SEQ ID nOs29s 

li) SEQfDEHCE CHlOtAGTERlSTXCS s . 

(A) LEHG!mz 3471 base oaire 
(B> TTPE: nucleic acidT . 
(C) SXBAMDSORESS: double 
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(D) TOPOLOGYi littear 
(11) HOLECOLE TYPBt DHOi (genomic) 
(111) BnoxHETzcazis no 

(IV) MTl^amSBt NO 

fvl) ORIOINU SOORCBl 

(A) OBGANXSM3 BacllluB tOmrlnglensls 

(B) STRAIN: kumamotoenalB 

(C) ZUDXVXDllAL ISOLATES PS50C 

(Vll) IMMEDIATE SODRCBs , ^ 

(B) CLORBi B. coll NM522(plGrC2320) lOKRL B-18769 

(Xl) SBODEKCB DBSCRXFTXOHf SBQ ZD VOtZBt 

ASmOTOCAA ATAASCaAAA TQAATATGAA ATTATAOATO CGACACCTTC ZACATCTGTA 60 

7C3CAOTGATT CXAACAGAZA OCCTTTTGOG AATOA0CCAA GAOATOOGTT ACAAAATATG 120 

AATTAXAaAG ATTATCTGAA AAT0TCTG66 GGAQAflAATC CXGAATXATT TSOAAATOOS ISO 

GAOACOTTTA TTA0TTCATC GAOQAXTCAA ACTGGAATT6 6CATTOTTGO TCGAAXACXA 240 

QQAfiCTRAO QGGTTOCATT TQCXA0TCAS ATAGCTAGTT TCTATAOTTT GAXTOTTGQT 300 

GAATTATGQC OGTCAAAOAO CGTAOATAXA TQGQGAGAAA TTATGOAACO AGTGOAAGAA 360 

CTOGTTGATC AAAAAATAOA AAAATATQTA AAAOAZAAGO CTCTTGCTGA ATTAAAA06Q 420 

C9AOGAAAX6 CITTGGATOT AX&TGABCA0 TCSACTTGAAO ATSGOC3SG6A AAATOGGAAT 480 

GAXeCIkAOAA ClAfiABfiTOT SGTTTCXAAT CAATTXATAO CTTXaOATCT TAACTTT6TT 540 

A0TTGAATTC CATCTTTT6C A8ZATC066A CAOOAAgTAC ZATZATTAGC A6TAXASGCA 600 

C&fiGCTGTGA ACCTACATTT AXTGTTATTA AGAOATOCTT CZATTTRQ6 AGAAOAGTGG 660 

GOASTTACAC GftGGTGAAAT TTCXAOATTT TATAATOOTC AAGTGGAACT TACOOCTGAA 720 

TAXTCAQACT ATTGTGTAAA GT6GTAXAAA AXCGOCTTAG AXAAATT6AA AGGTACCACT 760 

TCTAAAA0TT GGCTGAATTA TGATCA6TTC OGTAGASAGA TOACATTACT GGTATXAGAT 840 

* 

TTGGT6GCGT TATTTCCAAA CXAIGACACA CATATGZATC CAATCGAAAC AACAGCTGAA 900 

CTTAGBOBOG ATGS6TASAC AGAX008AXA 6GATTZAACA XAGSGACAA0 laCTGOAZZC 960 

TGCa^ACCCTT 6GTC2VACOCA CAGTOGTATT CTTTTCTATG AAGTIGAAAA CAACGTAATT 1020 

CGTCOGGCAC ACTTGTTTGA TATACTGA6C TGA8TAGAAA TZAAXACAAG TAGAGGQGQT 1080 

ATTACGTTAA AXAAXGAXGC ATATATAAAC TACTGOTCAG GACAXACCCT AAAATATOOT 1140, 

AMACAGCTO ATXOGACaOT AACAXACACOk GCXAATTAGQ OXOGAATCAC TTCAGAAAAO 1200 

r 

AATTCATn^ GACTTGAGGA TAGGGAXATT TTTGAAATTA ATTCAACTGT GGGAAACXrCA 1260 

6CTAATTACT ACCAAAAGGC AZAT6GT6TG CCOGGATCTT GGTTCCAZAT G6Z&AAAAGO 1320 
GGAACCTCAT GAACAACAGC GTATTTATAT TGAAAAAGAC AXACAGCTCT OCAAQGGTGT ' 1360 

ACACAOGTTT ATOAATCAAG 16AT»AAXA CCTCTAGATA GAACIGXACC OGTAGCTGAA 1440 

AOCTATAGTC ATAGATTATC TCATATZAOC TCCCATTCTT TCTCTAAAAA TGGGAGT6GA 1500 

TACTATGG6A GTTTOCCT6T ATTTGTTT6G ACACAXACXA GTGOGGATTT AAAXAATACSA 1560 

AXAXATTCAO AZAAAATGAC TCAAATTCCS^ 6CGOTAAAG6 GAGACATOTT AXATCTAGOO 1620 

OOTTCOGTAG XACAGGGTCC SGGATTTACA OGAGGAQAXA TATTAAAAAG AAOGAATCCT 1680 

AGCASATZAG GGACCTTTOC GGTZACASTA AATGGGTOGT OATCACAAAG AXATOGTGTA 1740 

AGAATTOQCT ATGCCTCTAC AACAGATTTT GAAXTTACTC TAZACCTTGG CGACACAATA 1800 

GAAAAAAAXA GATTXAAGAA AACXATGGAT AATGGGGGAT CTRAAOGXA TQAAACATTT 1860 

AAATTOGGAA GTTTCATZAC TOASTTOCSUl TTGAOAGAAA GACAAGATAA AATACTOCXA 1920 

TCXATGGGTO ATTTTAGCTC OGGTCAAGAA GTTTAXAXAG AOCGAATOGA ATTGATCX2CA 1980 

GTAOAXOAGA CATATGAG6C GOAACAAGAT TXAQAAGCGG CGAAGAAAGC AGTGAlkTGCC 2040 

TTGTTTAOGA AZ&CAAAAGA TGGCTTAC6A CCAGGTGTAA C3SGATTAT6A AGTAAATCAA 2100 
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QtSBGCAhRCT rAGTCaUTO CCTATOGGAZ GATTZaZaTC GAaATCAAAA AOmSXGTXa 2160 

KSGATGOGG TCMftOftQGC AAAACSGCCTC AGTGGGGCIU: GXftACTTACT ACftAGATCXA 2220 

G&TTTCCSl&O ftGRgftRAOGG AGAAIUVTQGa. TGOGCGGOkA GT&OGGGAAS TGA6ATTGTA 2260 

GftAGGGGASG CTGXftSTZftA. AGGAGOXT&T CZAOGCCTAC CAOGTGCAOG AGAAAanX^T 2340 

A06GMAOCT aXCCAaCOSA TCTOa*fiTCAA ARASTftGAOG AAGGTOIATT AAAACCAXAC 2400 

ACAAfiAS&TA (SUrXGASAQG GnSGSGGGA AGZAGZCAAG OATSAGAAAr TTATAOOATA 2460 

OGTCACCAAA CGAASTCGAAT TGTAAAGAAT GZACCAGA3!G ATTTATTQCC AGATGXATCT 2520 

CCS!GTAAACT CXGASGOCAG XATCAATOGA TCGAGCGAAC AAAAGTATGT OAAXAGCOGT 2580 

TTAGAAGGAG AAAACOGZTC T6GTGATCGA GAXGaGTTCT CGCICCCIAT CSSATAXAGOA 2640 

GAGCI6GA!CS ACSAASGAAAA TOCAGGAAXA TGGGTZGGAT ZTAAGATTAC 66ACOCAGAO 2700 

GGAZACGCAA CACTTGGAAA TCrXGAACTA 6TOGMGAGG GAOCTTTCTC AGGAGAOGGA 2760 

TIAGAGGGCr TGCAAAGAGA AGAACAACAG TOGAAGATZC AAATQACAAG AAGAOGXGAA 2820 

OAfiACMAgA GAftGATAiaT GGCaXOGBAA Ca^AGOSGSAG ASOGTTXATA WCOGATTAT 2880 

GAGGATGAAC AACZGAATCC TCAXGSAGAG ACTACAGATG TXACKGGGC TCABGATeXG 2940 

ATACAGTCCA TTCCTXAOGT ATATARCGftA ATGTTOCCAG AAAXACCAGO 6AXGAACIAT 3000 

ACSSAAGTIXA CAGAAIZAAC AGAXCGACIC C&ACAaGOQX GGAACTTGXA TCATC&G06A 3060 

AASGCCA3AC CAAASGGTCA XTSZOGAAAT GGGnAAGSA ASSGGAASGC AAOGOCIGOC 3120 

GTAGAAGTAC AACAAATCAA TCATACATCT GTOCTTGIGA XTOCAAACTG 6GASQAAGAA 3180 

Gnrc^ACAAC AGTTXACBCT TCAACOGAAT CAAAGAXATO SATXAOC3AGT TACTGCAAGA 3240 

AAAGAAGGGG SAGGAAASGG ATAT^SftAGT AZTOGTGAXG GTOGAAAXCA ATGAGAAAOG 3300 

CTXACTTSXA GXQGAAGCGA T9ATOATACA AA!EGGZaTC3! ATAATGAOCA. AAOOGGCZAX 3360 

ATOACAAAAA CaGSGACAZT GAXOOQGSAT ACAGATCAAA TGTOGATZIGA AAXAAGTCAA 3420 

ACAGAA6GXA OGTTCXASAT AGAAAGTGXA GAAX3GAXTG Z&GAOGISAaA G 3471 



(2) XHFQRHAaMON FOR SBQ ID NOs30s 

(1) SEWBNCE CHARACTERISTICS t ^ 

7ai XSHGXBt 1157 omisio acide 



xnBs amlao acid 
8SRAllDBDliBSSs single 



SOPGLOGZs limur 

(11) KOLBCQIS T»Bx protein 

(ill) HXFOXHSnCALt YSS 

(Iv) ARTI-SEKSBs HO 

(Vi) ORIGI19AZ. SOURCE:* 

ORGANISM: Baclllna thnri.ngienaiB 
STR AIN S kumamotoensla 
INDIVIDUAL ISdAXBs BS50C 

(VU) IMHEDIASS SODRCBt 

(B> CUaffif B. coll NU522(pH;C2320) HRRL B-18769 



(xll SEQOBNCB DESCRIPTIONS 6EQ ID NO :30 s 

Mac Ser Pro Aan Asn Gin Asn Glu Tyr Glu lie lie Asp Ala Tfar Pro 
1 5 10 *^ 15 

Ser Slir Ser Val Ser Ser Aiq? Ser Asn Arg Tyr Pro Plie Ala Aan Gin 
20 25 30 

Pro Thr Asp Ala Zten Gin Aan Met Asn Tyr Lys Asp lien Lys Met 

Ser Gly Gly Gin Asn Pro Gin Leu Phe Gly Aen Pro Gin Tfar Phe lie 
50 55 60 

Ser Ser Ser Thr II Gin Thr ly lie Gly lie Val Gly Arg lie Leu 
65 70 75 80 

Gly Ala Leu Gly Val Pro Phe Ala ser Gin lie Ala Ser Phe Tyr ser 
85 90 9B 
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Pbe 


lie 


Val 




Glu 


He 


Met 
115 


Glu 


Tyr 


Val 

130 


Lys 


Asp 


Leu 
145 


Asp 


Val 


Tyz 


ABp 


Ala 


Arg 


Thr 


Leu 


Asn 


Phe 


Val 
180 


val 


Leu 


Leu 

195 


Leu 


Leu 


Leu 
210 


Arg 


Aep 


Glv 
225 


Glu 


He 


Ser 


Tyr 


ser 


Aep 


Tyr 


Lye 


Gly 


Thr 


Thr 


Glu 


Met 


Thr 
275 


Leu 


Asp 


Thr 


Hie 


Met 


val 
305 


Tyr 


Thr 


Asp 


Cys 


Asn 


Pro 


Trp 


Asn 


Asn 


Val 


He 
340 


Glu 


He 


Asn 


Thr 


lie 


Asn 
370 


Tyr 


Trp 


Ser 
385 


Thr 


val 


Tbr 


Asn 


Ser 


Phe 


Ala 


Val 


Ala 


Asn 


Leu 
420 


Ser 


Trp 


Phe 
435 


Bis 


Leu 


Tyr 
4S0 


Ser 


Lys 


Glu 
465 


Ser 


Ser 


Asp 


Ser 


Tyr 


scu: 


fils 


Asn 


Gly 


ser 


Ala 
500 


Thr 


Ser 


Ala 
515 


Asp 


lie 


Pro 
530 


Ala 


Val 


Gin 
545 


Gly 


Pro 


Gly 



Gin 


Leu 


Trp 


Pro 


Arg 


Val 


Glu 


lu 
120 


Lys 


Ala 


Leu 
135 


Ala 


Gin 


Gin 
150 


Ser 


Leu 




Ser 


Val 


Val 


ser 


Ser 


He 


Pro 


Ala 


Val 


Tyr 


Ala 
200 


Ala 


Ser 


He 
215 


Phe 


arg 


Phe 
230 


Tyr 


Asn 




Val 


Lys 


Trp 


Ser 


Lys 


ser 


Trp 


Leu 


val 


Leu 


tig 


Tyr 


Pro 


He 


Glu 


Pro 


He 
310 


Ala 


Phe 


Ser 


Thr 


His 


Ser 


Arg 


Pro 


Pro 


His 


Ser 


Arg 


Gly 


Glv 
360 


Ser 


Gly 


His 
375 


Thr 


Tyr 


Thr 


Ala 


Asn 


Leu 
405 


Olu 


Asp 


Arg 


Ala 


Asn 


Tyr 


Tsrr 


Ket 


Val 


Lys 


44? 


Thr 


His 


Thr 
455 


Ala 


Glu 


He 
470 


Pro 


Leu 


Arg 
485 


Leu 


Ser 


His 


Tyr Tyr 


Gly 


ser 


Leu 


Asn 


Asn 


Thr 
520 


Lys Qly 


Asp 
535 


Met 


Phe 


Thr 
550 


Gly 


Gly 



Ser 
105 


Lys 


Ser 


Val 


Leu 


Val 


Asp 


Gin 


Glu 


Leu 


Lys 


Gly 
140 


Glu 


Asp 




Leu 


Ser 


Asn 

170 


Gin 


Phe 


Ser 
185 


Phe 


Ala 


Val 


Gin 


Ala 


Val 


Asn 


Gly 


Glu 


Glu 


228 


Arg 


Gin 


Val 
235 


Gin 


Tyr 


Lvs 
250 


He 


Gly 


Leu 
265 

Leu 


Asn 
Val 


Tyr 
Ala 


His 

Leu 


Thr 


Thr 


Ala 


Gin 
300 


Asn 


He 


Val 
315 


Thr 


Gly 


He 
330 


Leu 


Phe 


Leu 
345 


Phe 


Asp 


He 


He 


Thr 


Leu 


Asn 


Lea 


Lys 


Tyr 


^8 


Tyr 


Gly 


398 


He 


Asp 


He 
410 


Phe 


Glu 


Gin 
425 


Lys 


Ala 


Tyr 


Gly 


Tbr 


ser 


ser 


Leu 


Gin 


Gly 


Cys 
460 


Asp 


Arg 


Thr 
475 


val 


He 


Thr 
490 


Ser 


Bis 


Phe 
505 


Pro 


Val 


Phe 


He 


Tyr 


Ser 


Asp 


Leu 


Tyr 


Leu 


Gly 
540 


Asp 


He 


Leu 
555 


Lys 



Asp 


He 
110 


Trp 


Gly 




He 


lu 


Lys 


Leu 


Gly 


Asn 


Ala 


Glu 


Asn 


Arg 


Asn 

160 


He 


Ala 


Leu 
175 


Asp 


ser 


Gly 
190 


Hie 


Olu 


Leu 
205 


His 


Leu 


Leu 


Gly 


Phe 


Thr 


Pro 


Leu 


Thr 


Ala 


Glu 
240 


Leu 


Asp 


Lys 
255 


Leu 


Gin 


Phe 
270 


Arg 


Arg 


Phe 
285 


Pro 


Aen 


Tyr 


Leu 


Thr 


Arg 


Asp 


Ser 


Thr 


Gly 


Phe 
320 


Tyr 


Glu 


Val 

335 


Glu 


Leu 


Ser 
350 


Ser 


Val 


Asn 
365 


Asp 


Ala 


Tyr 


Arg 


Thr 


Ala 


A^p 


Thr 


Ser 


Glu 




He 


Asn 


Ser 
415 


Thr 


Gly 


Val 
430 


Pro 


Gly 


Thr 
445 


Thr 


Ala 


Tyr 


Thr 


Gin 


Val 


Tyr 


Pro 


Val 


Ala 


Glu 
480 


Ser 


Phe 


Ser 
495 


Lys 


Val 


Trp 
5U 


Thr 


His 


Lys 
525 


He 


Thr 


oln 


Gly 


Ser 


Val 


Val 


Arg 


Thr 


Ash 


Pro 
560 
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Ser 


Xle 


Leu 


Gly 


Thr 
565 


tea 


Tyr 


Arg 


Val 
580 


Arg 


Tbr 


x^eu 




Leu 


Gly 


HeU 


ASP 
610 


Asn 


Gly 


Ala 


Phe 

fie 

625 
ser 


He 


Thr 


Asp 


Phe 


net 


Gly 


Asp 


Phe 
o45 


Glu 


Phe 


He 


Pro 
660 


Val 




Ala 


Lys 
675 


Lys 


Ala 




Ago 
690 


Pro 


Gly 


Val 


val 
705 


Glu 


Cys 


Leu 


Ser 


Phe 


Asp 


Ala 


Val 


Arg 

725 


l^u 


oln 


Asp 


Pro 
740 


Aep 


Ala 


ser 


Thr 
755 


Gly 


Xle 


Arg 


770 


ZMZ 


Arg 


Leu 


Fro 
785 


•Uhr 


Tvr 


Lea 


Tyr 


£hr 


Aro 


Tvr 


Ara 


Zisu 
805 


xle 




Thr 


He 
820 


Arg 


Abp 


ASP 


Leu 
835 


Leu 


Pro 




Arg 
850 


Cys 


Ser 


Glu 


Asa 

Boa 


Arg 


Ser 


Gly 


Asp 


Gin 


l<eu 


Asp 


Tyr 


Asn 
885 


Thr 


Asp 


Pro 


Glu 
900 


Gly 


Glu 


Gly 


Pro 
915 


Leu 


Ser 


Gin 


Gin 
930 


Trp 


Lys 


Xle 


Arg 
945 


Tyr 


Het 


Ala 


Ser 


Gin 


Asp 


Gin 


Gin 


Leu 
965 


Ala 


Gin 


Asp 


Leu 
980 


Xle 


Pro 


lu 


He 
995 


Pro 


Gly 


Arg 


Iieo Gin 
1010 


In 


Ala 



50 



Ph 


Ala 


Val 


Thr 


val 

570 


Asn 


He 


Arg 


Tyr 


Ala 

585 


Ser 
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Agn^Gly Asp Phe Arg Agn^jGly Leu Ser Aan »g|gJ^« Al* Thr P«) Glj^ 
Val lu val Oln OjOgll^" ^ia Thr f gg^Val Leu Val He |§|5*«n 

Trp Asp Olu OlOpVai ^ «^ fofs'^*"^ ^ 1070®^ 

lyr Val ^gUg^^O Val Tlur Ala fglo^-VS Slu 61y Val f JigAsn 

Val IIIqII* *»P 10?5*^" ®" IWo"*" 
Ala ser ABp Tyr Aap Thr Asn Oly Val Tyr OUi «hr Oly Tjr^ 



1105 



He Thr Lys Thr Val^Thr Phe He Pro Tg^Thr Aap Gin Met Igg"* 
Olu He ser eiu Thr Olu Oly Thr Phe Tyr He olu Ser J^Oin Leu 

X140 Al*5 XAaw 



lie Val 
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1. Amethodforcontrollingiuaridpestswlicretasaid 
said pests with im warid^mtrolluig e£6Bc^ 

2. Tl»iiicdiod.aaanlii«todalml.wlieieiuaaa 
t. iMlate selected fima ito gm»p ematoft^ 

W72Ll.SiPS75Il.atl«SE5.SxPS45Bl.atPSZ4J.aiPS9«3.MP^^^ 
and IX PS7401. and mntaiifs theteat 

3. Tiieiiietliod,acooidii«todalm2,wtoeiii8a^ 

4. Ti»iiietliod.acooidiiigtodaim2,wlie«iB 

5. TiieiiiBtliod,acooidiiigtDdaiiii2,wiieiB^ 

6. ii»imaiiad.aoooidiitgtodaim2,wlierdii8a^ 

7. Ti»ein«liDd,acawliiigtodaim2.wli«e^ 

8. TiieiiieiiiDd,aco(mIiiigtodaim2,wliei«^ 

9. TiHsiiiettod.aceoidiiwtoclalm2.^rtierelnsaidiitfc^ 

10. Tliemetliod.8a»nliiiglodaim2,wlieMloa^ 

11. TtoaielIiod,acxxinIii«tociaiiB2.wlie^ 

12. Tlie Bielliod, aiwndiiig to daim 2, «flie^ 

13. Tlie nietlial, acanding to daiiB 2, whenaa said 

14. The mfittod, accoidiitg to daitt 2, 'AO*** 

15. Tl»iiiBtiiod.aoaKdiiigtodaim3,wiieidasaM 
sequatcBOf SEQ ID NO. 28. 
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1 16. The method, accoiding to daim 4, whom saM 

2 seqpfiac^ of SEQ ID NO. 30, 

1 17- TTie method, aaxndiiig to c^ilm 

2 sequence of SEQ ID NO. la 

1 18. The method, aoooidtag to dato 12, whereto said torin has the 

2 seqnraceof SEQIDN0.2. 

1 19. The method, aocoiding to dafaa 12, vAiex^ said torin has tiic amino add 

2 fiaq wimrg of SEQ ID NO. 4^ 

1 20. Tte method, aocordtog to daim 1, wherdn said acarid pest a mite. 

1 2L The method, arr»rdin£ r to daim 20, ^rtierein said mite is the Two Spotted 

2 SpidaMite. 

1 22. A composition of matter comprfaing a B^ffiffinrta^^^ faolate selected 

2 tomthegrmipconsisthigofBilW2Ll.BiI^^ 

3 Bi PS94R3. Bx PS62B1 and Bx PS74G1, and mutants thereot or proteins, toric aystals, or 

4 spores of said isolates, in association with an inert carrier. 

1 2S. The compffrftton of matter, aixxndhig to ciaim 22, oompiisnig ^dOK 

^ 24. The composition of matter, according to daim 22, comprising PadPns 

2 Tfinil«*t?l^ Psg4R3.- 

25. The composition of matter, according to claim 22, comprising Badjhi^ 
thnrindepsis PS45B1. 

1 26. The composition <tf matter, aooonUqg to daim 22, comprising P%cpis 

2 |hmtasgia^PS62Bl. 

1 27- The composition of matter, according to dahn 22, oompilstag BadUus 

2 thnrhtgiensis PS74G1. 
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1 28. The composition of natter, aoooxding to daim 22, campdsing fia^ss 

2 tfmringiensfa PS72LL 

1 29. The compoSKtion of mattCT. acconiiiig to daim 22, conqnisiiv fii^lffi 

1 m The compositioa of matter, aooordiiig to daim 22, oonqiti^g ^^m, 

2 Unrinpensis PS83E5. 

1 31. A composiiioii fiir coniiolling an acaride pest whei^ said anqmsltian 

2 compiisessiflislaiitiaUrintact,tMa^ 

3 iaflie feeding 2oae of said pesis when applied to ti»eiw^^ 

4 aaidpestlddeJsapoWcptidetarictDacai^ 

5 |||^'n|rti>wHi8 fsgrfaie selected ftom the conp consisting of &t PS^ M PS86A1, 

6 at PSfiTOl, Bi PS72L1, Bi PS75J1, BX PS83E5, Si PS45B1, it PS24J, at re94R3. at 

7 PS17. B-t. PS62B1 and p.t, PS7401, and mntants tlicawol 

1 32. ITie pestiddal composition, according to daim 18^ ^*«ein said ueated cells 

2 aie treated by diemical or pl^sicai means to piolai^tto 

J 33. A gwe encoding a toxin ¥*icli is active against acai^ 

2 obtainable ftom a Badllns timiingiensis isolate selected ftom the gronp consisting of at 

3 PS72l^airPS75Jl,atPS83E5,atPS45Bl,atPS24J,a^ 

4 PS74G1, and mutants th«eof or is eqnivaleiit to one of said genes. 

1 AtiBinenoodedliyageneobtainabtefiDmaBi^i!^ 

2 ' fidcctedftomttegioapconslstfagafatre72Ll.atP^^ 

3 ps24I,afere94R3,aiaPS62mandaLre74Gl,andmuttntstherw 

4 active against acaxide pests. 

1 35. A tmnsfimnedliost selected ftom fliegroiq) consisting of a plant, a mic^ 

2 and a bacoloviriis transfiumed bf a gene obtainable ftom a BadHia ftnfinfiensB isolate 

3 sdoct»dfiomtiiegioupconsisttagofatre7ZU,at^ 

4 PS24J, at PS94R3, PS62B1 and at PS7401, and mutants thaeot 
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36. A biologically pure culture of a Badlhis thnringiensia selected fifom the group 
conafetiiig of fii PSmi. Bi Bi re83E5. Bi 

PS62B1 and P-t PS7401, and mutants thereof. 
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Figure 1 




A. Bacillus thuringiensis PS50C 

B. Bacillus thuringiensis PS86A1 
C Bacillus thuringiensis PS69D1 

D. Bacillus thuringiensis PS72L1 

E. Bacillus thuringiensis PS75J1 

F. Bacillus Omringiensis PS83ES 



SUBSTiTL/TE SHEET 
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Figure 2A 




A. BadUus tburmgiensis FS24J 

B. BaciUus thuringiensis FS94K3 
C Bacillus thuringiensis PS45B1 



SUBSTITUTE SHEET 
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Figure 2B 




DBF 



p. Bacillus thuringiensis PS17 

E. Bacillus thuringiensis PS62B1 

F. Bacillus thurii^ensis PS74C1 



SUBSTTTUTE SHEET 
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